THE  POTENTIAL  OF 


(LEPIDOPTERA:  NOCTUIDAE) 


FOR  THE  CONTfWL  OF  WATERHYACINTH  HITH  SPECIAL 
REFERENCE  TO  THE  ECOLOGY  OF  WATERHYACINTH 
[srcBBcmuA  csasstpbs  (hart.)  solhs) 


By 


TED  DOUGUS  CENTER 


A DISSERTATION  PRESENTED  TO  THE 
GRADUATE  COUNCIL  OF  THE  UNIVERSITY  OF  FLORIDA 
IN  PARTIAL  FULFILLMENT  OF  THE  REQUIREMENTS 
FOR  THE  DEGREE  OF  DOCTOR  OF  PHILOSOPHY 

UNIVERSITY  OF  FLORIDA 
1976 


ACKNOMLEDGEHCNTS 


[ wish  to  thank  the  numerous  individuals  who  have  assisted  in 
these  studies. 

I would  like  to  express  my  appreciation  Dr.  E.  E.  Brissell, 

Dr.  E.  I,  Todd.  Dr.  R.  E.  Woodruff,  Dr.  T.J.  Walker,  Dr.  R.  Carlson, 
and  Or.  C.  W.  Sabrosky  for  the  identification  of  insect  speciisensi 
Dr.  G.  E.  Allen,  L.  P.  Kish,  and  Dr.  E.  1.  Hazard  for  diagnosing  insect 
diseases;  C,  Cagle,  C.  Siebenthaler,  M.  White.  8.  Presser,  N.  R.  Spencer, 
and  D.  Butler  for  field  and  technical  help;  the  University  of  Florida 
Soils  Laboratory  for  analysing  water  samples;  Dr,  E.  A,  Farber  for 
providing  solar  radiation  data;  the  u.S.  Department  of  Agriculture  and 
the  Florida  Division  of  Plant  Industries  for  providing  space  and  facil- 
ities; Ann  Owens  and  Susan  Kynes  for  library  and  literature  research 
assistance;  Cath  Siebenthaler  for  typing  and  editorial  assistance  in  the 
original  manuscript;  R.R.  Spencer  and  T.  C.  Carlysle  for  photographic 
and  dark  room  assistance;  and  my  graduate  coimilttee,  Dr.  o.  H.  Habeck, 

Dr.  T.  H.  Walker.  Dr.  R.  I.  Sailer.  Dr.  G.  E.  Allen,  and  Dr.  J.  Raiskind 
for  critical  reading  of  the  manuscript. 

1 would  especially  like  to  thank  lir.  Neal  R.  Spencer  for  providing 
space  and  facilities  and  the  U.S.  Army  Corps  of  Engineers  for  providing 

I would  also  like  to  thank  igy  wife.  Debbie,  whose  patience  and 
endurance  saw  me  through  to  the  conclusion  of  this  work. 


OF  CONTENTS 


ACKNDUIEDGDIENTS 


LIST  OF  ILLUSTRATIONS 

ABSTRACT  

INTRODUCTION  

LITERATURE  REVIEW  . . 


Description  and  Account  of  Variation 
Economic  Importance  


Drouth  and  Development 


Morphology 


Seed  Production  and  Dispersal  . . . 
Vegetative  Reproduction  


Productivity  and  Standing  Crop 


Page 

1 

3 

3 

15 

31 

33 

38 

41 

45 

50 


Control  

Toxonontr 

Biology  and  Life  History  of  A.  ianaa  and  Belated 

Parasites,  Predators,  and  Diseases  

CHAPTES  1.  THE  RELATIONSHIP  BETWEEN  THE  PHENOLOGY  AND  BIOLOGY 
OF  UATERHYACINTHS  AND  VARIOUS  PHYSICAL  AND  BIOLOGICAL  FACTORS  . 

Introduction  

Methods  and  Materials  

Diurnal  Waterhyacinth  Productivity  

Annual  Cycles  and  Insect  Damage  

Site  Description  

Analyses  

Hater  Quality  

Tenperature  and  Solar  Radiation  

Uateriiyacinth  Productivity 

Seasonal  Variation  in  Photosynthetic  Tissue  . . . 

Seasonal  Variation  in  Plant  Density  

Seasonal  Variation  in  Standing  Crop  

Damage  by  Aeama  cienaa 

Results  of  the  Multivariate  Analysis  


SI 

S3 

S3 

60 

6S 

70 

73 

73 

76 

SB 

14 

25 

SO 

61 


Discussion 


CHAPTER  2.  TXE  CONSEQUENCES  OF  AHACK  61  PSIlSA  NLi:.  ON 

SOME  ECOLOGICAL  CHARACTERISTICS  AND  WRPHOHETRIC  FEATURES  OF 
WATERKTACINTHS 


CHAPTER  3.  THE  FEASIBILITY  OF  THE  UTUILIZATION  OF  AStAm  DBISA 
FOR  THE  BIOLOGICAL  CONTROL  OF  HATERHVACINTH  - THE  EFFECTS  OF  AN 
INTRODUCED  POPULATION  ON  A SWLL  POND  COMMUNITY 


CHAPTER  4.  SOME  NOTES  OF  THE  BIONOMICS  AND  POPULATION  DYNAMICS 


HaUlts  

Fecundity 


105 

107 

1$l 

191 

197 

200 

225 

244 

244 

2S0 

26S 

271 

271 

272 

270 


Population  Cycles 287 

Hortality 292 

Discussion 304 

LITERATURE  CITED 314 

BIOGRAPHICAL  SKETCH 333 


LIST  OF  TABLES 


Table 

1.  Staniling  crop  and  productivity  of  HaterHyacirths  as  estiieated 

by  various  authors 

2.  Host  plants  of  the  Btllun-ArtoKi  corapley  listed  from  various 

literature  sources 

3.  Hydrological  budget  for  Lake  Alice  (Harch  - September  1973)  . 


4.  A ccmparison  of  water  quality  measuresnents  from  Lake  Alice, 

SalnesviHe.  Florida  with  previous  reports 92 

5.  Metabolic  and  morphometric  comparisons  of  the  two  morphological 

types  of  waterhyacinth  studied 

6.  Average  dally  rates  of  change  in  biomass  from  initial  and 

final  monthly  values '9* 

7-  SiinMry  of  multivariate  regression  analyses  for  annual  varia- 
tion plant  characteristics 

8.  Correlation  coefficients  (r)  between  independent  variables.  - 


9.  Correlation  coefficients  (r)  between  dependent  variables.  . . 

167 

10-  Correlation  coefficients  (r)  between  dependent  and  independent 

variables  and  probabilities  for  a greater  |r| 172 

II.  Ratios  of  the  various  plant  parts  and  the  percent  change  In 


the  final  values  as  compared  to  the  Initial  values 236 

12.  Comparison  of  the  samples  from  the  release  site  with  Che 
control  site  based  on  various  estimates  of  the  plant  and 
Inseot  populations . .251 


Table  PaSb 

13.  Ratio  of  plant  parts  at  the  two  sites  on  12  December 

1974 263 

14.  Fecunb1tv>  egg  viabilityi  and  egg  stadia  for  5 female  Anom 

danaa  collected  as  pupae  in  the  field  and  mated  1n  the 
laboratory ZV 

15.  Summary  of  development  data  for  A,  danaa 279 

16.  Annual  summary  of  larval  counts  and  mortality  297 

17.  A sumary  of  Insects  known  to  parasitize  Apofona  dansa  Mik. 

[from  Vogel  and  Oliver  1969b  in  part]  305 


LIST  OF  ILLUSTRATI0K5 


Figure  '’W 

1.  An  aerial  view  of  Lake  Alice  en  the  University  of  Florida 


2.  Mater  level  taken  at  weekly  intervals  and  precipitation  at 

Lake  Alice  from  July  1974  through  June  1976 6^ 

3.  Iota!  carbonate  and  bicarbonate  alkalinity  and  conductivity 

of  water  samples  taken  from  Lake  Alice  From  June  1974 
through  June  I97S 

4.  Magnesium  and  total  iron  from  Lake  Alice  water  samples  ...  97 

5.  Phosphorus  concentrations  present  as  phosphates  and 

nitrogen  concentrations  as  total  nitrate  and  nitrites  from 
water  samples  taken  from  Lake  Alice 190 

6.  The  negative  logs  of  the  hydrogen  ion  ooncentration  (pH)  of 

water  samples  taken  from  Lake  Alice 102 

7.  Potassium  and  sulfate  ion  concentrations  of  water  samples 

taken  from  Lake  Alice 106 

6.  Maximum,  minimum,  and  median  weekly  air  and  water  tempera- 
tures at  Lake  Alice  from  late  June  1974  through  June 
1975  108 

9.  Solar  radiation  data  from  the  University  of  Florida  campus 

from  May  1974  through  April  1975  112 

10.  Oiumal  curve  for  large  waterhyacinth  productivity 

determined  from  CO^  gas  exchange  measured  on  Lake  Alice  with 
an  infrared  CO-  gas  analyser 116 


Diurnal 


waterhyacinth  productivity 


118 


Figure  F«9e 

12.  A comparison  of  the  standing  crop  and  proportions  of  the 
plant  parts  for  the  Urge  and  small  »aterhyacinth  plants 

used  in  the  productivity  studies  '23 

13.  Average  daily  soUr  radiation  values  per  month  for 

Gainesville,  Florida 

14.  Annual  phenological  change  in  the  average  height  of  the 
waterhyacinth  plants  on  the  marsh  side  of  Lake  Alice  . . . .'29 

IS. . Annual  variability  in  the  number  of  leaves  per  Haterhyacinth 
plant  from  the  study  area '21 

16.  Annual  change  In  leaf  density  as  determined  from  weekly 

samples  taken  In  the  study  area '23 

17.  The  average  area  of  the  pseudolaminae  of  waterhyacinth 

leaves  '2® 

18.  Leaf  area  index  of  the  waterhyacinth  population  on  Lake 

A1  ice 138 

19.  Annual  change  in  plant  density  as  determined  frcei  weekly 

samples  taken  in  the  study  area '41 

20.  Average monthlycounts  of  the  number  of  plants  included  in 

each  plant  height  class  per  sguare  meter 144 

21.  Statistics  of  skewness  and  kurtosis  (peaking)  derived  from 
each  weekly  freguency  distribution  of  plant  density  by 

height  classes  146 

22.  The  weekly  waterhyacinth  height  class  frequency  distribu- 
tions plotted  three  dimensionally  on  a time  scale 149 

23.  Average  weight  per  plant  as  a log  function  of  the  average 

plant  height 152 


24.  Standing  crop  values,  both  estimated  and  real,  from  Lake 

Alice 154 

25.  Percentage  of  the  leaves  and  rnizomes  of  the  waterhyacinth 
population  damaged  through  feeding  activity  of  Areara  danaa 

at  Lake  Alice 159 

26.  Plant  density  as  a function  of  plant  height 179 

27.  Average  dry  weight  per  waterhyacinth  plant  as  a log  function 

of  the  average  height 193 

28.  The  average  height  per  waterhyacinth  plant  (as  measured  frcm 

the  longest  leaf)  as  a function  of  the  feeding  activity  of 
AraoMo  danaa  larvae 196 

29.  The  effects  of  varying  levels  of  Insect  feeding  activity  on 


the  average  number  of  leaves  per  waterhyacinth  plant  expressed 


as  a percentage  of  predetermined  means  199 

30.  The  effects  of  varying  levels  of  insect  feeding  activity  on 

the  total  number  of  waterhyacinth  leaves  per  unit  area 
expressed  as  a percentage  of  predetermined  means  201 

31.  The  effects  of  varying  levels  of  insect  feeding  activity  on 
the  number  of  waterhyacinth  plants  per  unit  area  expressed 

as  a percentage  of  predetermined  means  205 

32.  The  effects  of  varying  insect  concentrations  on  the  total 
waterhyacinth  biomass  [expressed  as  both  detritus  and 

living  plant  material)  210 

33.  The  effects  of  varying  insect  concentrations  on  the  living 

waterhyacinth  mass  present  per  unit  area  212 


34.  13)6  effects  of  varying  Insect  feeding  activity  on  the  amount 
of  dead  Mterhyacinth  plant  material  (detritus)  per  unit 
area 214 

33.  Detritus  as  a percentage  of  total  waterhyacinth  biomass  as 

a function  of  insect  feeding  activity  216 

36.  Net  Materhyacinth  production  as  a function  of  insect  feeding 
activity 221 

37..  The  ratio  of  conversion  of  living  MSterhyacinth  plant  material 
into  detritus  as  a function  of  Insect  feeding  activity.  . . .223 

36.  The  effects  of  varying  insect  feeding  activity  on  waternyacinth 
green  ness  (pseudoUminae  and  petioles) 227 

39.  The  effects  of  varying  insect  feeding  activity  on  waterhyacinth 

non-green  mass  (roots,  rhizomes,  and  stolons)  229 

40.  The  effects  of  varying  Insect  feeding  activity  on  waterhyacinth 

41.  The  effects  of  varying  insect  feeding  activity  on  the  water- 
hyacinth rhizome  mass  present  per  unit  area  233 

42.  The  effects  of  varying  insect  feeding  activity  on  the  water- 
hyacinth mass  represented  as  stolons  per  unit  area 235 

43.  A photographic  comparison  of  the  waterhyacinth  stands  at 
experimental  and  control  sites  at  different  times  of  the 
year  following  the  release  of  Artaxi  denao  at  the 

44.  A ccmparison  of  the  standing  crop  of  waterhyaclnths  at  the 

control  site  and  the  release  site  25g 


xli 


Figure 

45.  Tile  TOSS  represented  by  the  various  plant  parts  for  an 
average  uaterhyacinth  plant  at  both  Che  control  and 

release  sites 262 

46.  Probit  analyses  for  developmental  tines  of  a greenhouse 

reared  population  of  Anuma  dewa ZB2 

47.  The  head  capsule  diameter  of  4rs,mn3  denea  larvae  at  each 

molt  plotted  against  Che  larval  age 285 

48.  The  total  niaober  of  ilracm  danaa  larvae  collected,  either 

living  or  dead,  from  the  marsh  side  of  Lake  Alice 269 

49.  The  age  structure  of  the  Aratma  dtma  population  during  the 

period  of  this  study  291 

50-  The  population  of  living  ATama  dmta  larvae  (per  square  meter) 
present  on  Lake  Alice  and  the  number  of  dead  larvae  expressed 

as  a percentage  of  the  total 296 

61.  The  total  number  of  4th  and  7th  instar  Ar&smz  denea  larvae 
per  square  meter  as  estimated  from  samples  taken  from  the 

marsh  side  of  Lake  Alice  299 

52.  The  number  of  parasites  of  4th  instar  (CcnpoZesie  sp.)  and 
7th  instar  (PydeZZa  nidiefa)  Apttmt  densa  larvae  as 
estimated  from  the  nmnber  of  pupae,  or  pupal  exuviae  found  in 
A.  dauea  bores  per  square  meter  of  waterhyacinCh  mat  . , . .302 


Abstract  of  Dissertation  Presented  to  the 
Graduate  Council  of  the  University  of  Florida  in  Partial 
FulfiUnient  of  the  Requirenents  for  the  Degree  of  Doctor  of  Philosophy 


THE  POTENTIAL  OF  AR7MU  BEHSA  FOR  THE  CONTROL  OF 
UATERHYACINTH  WITH  SPECIAL  REFERENCE  TO  THE 
ECOLOGY  OF  HATERHYACIKTH  IBICHOXSIA  CgASSlFSS) 


By 

Ted  Douglas  Center 
June  197E 


Chainnan:  Or.  Dale  H.  Kabeck 
Major  Department:  Entomology 

Haternyaointh  tBiohlamia  oraeHpas  (Mart.)  Solns)  is  one  of  the 
world's  worst  aquatic  weeds.  Many  countries  have  begun  to  consider 
biological  control  as  a means  to  alleviate  infestations.  The  United 
States  has  begun  Introductions  of  exotic  insects  for  this  purpose.  To 
evaluate  properly  the  success  or  failure  of  these  introduced  insects, 
background  information  on  Che  ecology  of  waterhyacinths,  the  effects 
of  Insect  attack  on  waterhyacinths,  and  the  population  biology  of  indi- 
genous insects  in  the  area  of  release  Is  imperative.  The  purpose  of  this 
dissertation  is  to  provide  this  information  for  Lake  Alice,  a primary 
study  site  on  the  University  of  Florida  campus. 

The  ecology  of  waterhyacinth  is  approached  in  this  dissertation 
through  a comprehensive  literature  review  and  through  field  studies 
conducted  to  monitor  various  growth  parameters.  Diurnal  productivity 


Curves  comgering  snail  and  large  plants  revealed  that  the  net  efficiency 
of  both  plants  was  1.6%  (of  incipient  solar  energy].  The  snail  plants 
groH  faster  than  Che  large  ones,  however,  by  virtue  of  a larger  P:R 
ration  (2. OS  vs.  1.46). 

Photosynthetic  efficiency  is  maintained  by  synchronization  of  the 
leaf  area  index  with  the  annual  solar  energy  flux.  An  annual  increase 
in  leaf  area  occurs  first  through  an  increase  in  leaf  density  and 
secondly  through  an  Increase  in  leaf  (pseudolamina)  size.  The  net  result 
of  these  two  growth  phases  is  a peak  in  the  leaf  area  index  spanning 
the  period  of  maximum  solar  radiation. 

Intraspecific  ccxipetition  is  strongly  implicated  in  governing  plant 
density  and  seems  to  account  for  observed  changes  In  the  population, 
Plant  density  is  high  in  the  winter  reaching  a maximimi  in  April.  This 
is  followed  by  a decline  in  Hay  and  June  as  a result  of  the  loss  of 
plants  in  the  smaller  size  classes.  This  loss  is  due  to  shading  by  the 
larger  plants  as  they  increase  In  size  and  leaf  area. 

Hultivariate  analyses  indicate  that  solar  radiation  and  mininun 
air  temperatures  were  important  in  accounting  for  changes  in  standing 
crop,  plant  height,  leaf  area  index,  and  the  nunSiers  of  leaves  per  plant 
(all  indices  of  biomass).  The  introduction  of  water  quality  parameters 
into  the  analyses  resulted  in  confusion  as  causal  relationships  were 
difficult  to  establish. 

Damage  by  Arsomz  danna  H1k.  (Lepidoptera:  Noctuidae)  did  not  appear 
to  affect  the  population  of  waterhyacinth  studied.  Greenhouse  studies 
revealed  that  concentrations  of  33  larvae  per  100  plants  could  signifi- 
cantly reduce  almost  all  characteristics  examined  and  greatly  accelerate 


turnover*.  A seasonal  aspect  was  implicated  in  the  plant  response  as  Che 
Insects  appeared  to  be  much  more  effective  in  the  fall  than  the  sumraer. 
This  nay  be  related  to  the  energy  budget  of  the  plants  under  varying 
conditions  of  solar  flux.  Plant  density  increased  in  the  summer  in 
response  to  insect  attack  probably  as  a result  of  decreased  intraspeclfic 
competition.  A similar  response  would  Be  expected  to  any  factor  which 
reduced  competition  provided  adequate  energy  for  growth  was  available. 

To  learn  if  A.  den^a  could  be  used  1n  biological  control  a green' 
house  reared  population  was  released  on  a small  pond  in  August  1974. 

The  waterhyacinth  population  was  reduced  and  competing  plants  Began  to 
dominate  the  site.  Ultimately  cat-tail  invaded  and  waterhyacinth  failed 
to  re-invade.  A control  site  remained  dcmiinated  by  waterhyacinth. 

Studies  of  natural  A.  denea  populations  on  Lake  Alice  indicated 
that  the  failure  of  this  insect  to  achieve  sufficient  levels  to  have 
an  extensive  effect  on  waterhyacinth  was  most  likely  due  to  the  complex 
of  parasites  which  attack  them.  Also,  pickerelweed  (PcmUdAria  aerdataj 
appears  to  be  the  preferred  host  of  this  insect  which  may  partly  explain 
the  low  populations  Observed  on  waterhyacinth.  Further,  seasonal  changes 
in  the  plants*  ability  to  withstand  insect  attack  may  obscure  correla- 
tions between  plant  characteristics  and  insect  damage. 


INTRODUCTIOH 


At  the  onset  of  this  stuOy  various  state  and  federal  agencies  were 
preparing  for  the  release  of  enotlc  insects  for  the  biological  control 
of  waterhyacinth  (Bichhimia  oweaipee  (Mart.)  Solms)  In  Florida  and 
the  Southeastern  U.S.  In  order  to  evaluate  the  effect  of  these  Insects 
it  was  apparent  that  prior  infoniiation  on  the  ecology  of  waterhyacinth 
at  the  release  sites,  particularly  with  regard  to  annual  variability, 
and  the  effects  of  indigenous  insects  would  be  needed.  The  purpose  of 
this  dissertation  was  to  provide  part  of  this  information  for  Lake 
Alice,  the  primary  study  site  in  the  Gainesville  area. 

To  achieve  this  end  the  annual  seouence  of  events  in  the  water- 
hyacinth  population  was  studied  as  well  as  the  actual  and  potential 
effects  of  natural  and  Introduced  populations  of  Anaomi  danaa  WIk.,  a 
native  insect  which  feeds  on  waterhyacinth.  This  dissertation  is  or- 
ganized into  five  sections.  The  first  section  is  a literature  review 
organized  into  two  parts.  The  first  part  reviews  the  biology  of  water- 
hyacinths  and  is  organized  in  a manner  similar  to  that  suggest  by 
Cavers  and  Mulligan  (1972).  The  second  par^  reviews  the  taxonomy  and 
biology  of  A.  danaa  MIk.  and  related  species. 

The  second  section  is  a study  of  the  waterhyacinth  population  on 
Lake  Alice.  A fairly  detailed  description  of  the  study  site  is  provided, 
The  phenology  of  various  morphometric  features  of  the  waterhyacinth 
population  is  described  with  regard  to  the  possible  Influence  of  various 
physical  and  biological  factors.  A short  study  on  the  productivity  of 
waterhyacinth  is  also  included  in  this  section. 


The  third  section  investigates  the  potential  effects  of  itretmo  *neo 
MU.  on  greenhouse  cultures  of  »aterhyacinth.  These  effects  are  evaluated 
in  terms  of  various  ecological  and  morphological  traits  of  the  plant- 

The  fourth  section  deals  with  the  feasibility  of  augmenting  natural 
populations  of  A.  denta  as  a means  of  biological  control.  The  effects 
of  a small  scale  release  are  evaluated  from  a snail  pond  near  Paynes 
Prairie. 

This  fifth  section  constitutes  notes  on  the  biology  and  life 
history  of  A.  dfnaa.  Data  on  the  natural  population  at  Lake  Alice  is 
presented  and  the  probable  reasons  for  the  failure  of  this  insect  to 
control  waterhyacinth  is  discussed. 

It  is  hoped  that  the  information  reported  here  will  provide  a 
baseline  from  which  future  comparisons  can  be  drawn  after  the  release 
of  exotic  insects.  It  is  also  hoped  that  an  increased  understanding  of 
the  ecology  of  waterhyactntb  in  a situation  relatively  free  of  specific 
Insect  enemies  has  been 


of  the  user.  It  1s  often 


1np1y.  For  this  reason  I follow  Kelsey  end  Deyton  (1912)  end  use  the 
spelHos  weterhyaclnth  throughout  this  dissertation. 

VlaterhyecioCh  is  e memher  of  the  pickerelweed  family  which  includes 
9 genera  and  36  species  (Cook  at  at.  1974).  The  genera  are  HaMomia 
(7  spp.)>  EuF^Btamn  {1  sp.),  Hataptmthara  (10  spp.),  Itydrothrix  (1  sp.). 
Uonooitoria  (5  5pp.)i  Vontaderia  (3  spp.],  Rauaaia  (4  spp.),  Sahollavopaia 
(1  sp.).  and  icatrpalla  (2  spp.).  The  majority  of  the  members  of  this 
family. are  confined  to  the  Americas  although  two  of  the  genera  itbno- 
ohopia  and  Sahallaropaia)  aopear  to  be  Old  Morld  endenics.  Keys  and 
descriptions  of  the  genera  (world-wide)  nay  be  Found  in  Cook  at  at. (1974). 
LOfden  (1973)  revised  the  genus  Pontadapia  and  united  Raua&ia  with  it. 
Castellanos  (1958)  provides  notes  on  the  genus  Pontadapia  in  Brazil  and 
Keys  and  descriptions  of  the  Brazilian  species  of  Pontederiaceae 
(Castellanos  1959). 

Description  and  Account  of  Variation 

Following  is  a translation  of  the  description  of  Siahtaipnia  araaaipaa 
(Mart.)  Solns  given  by  Agostini  (1974).  Further  descriptions  can  be 
found  in  Castellanos  (1959),  Sculthorpe  (1957),  Bock  (1966),  Penfound 
and  Earle  (1948),  Buckman  and  Co.  (1930),  Webber  (1897),  and  many  others. 
The  first  definite  description  of  this  species  (according  to  Bock  1966) 
was  that  of  Kunth  (1843). 


effect  on  the  other,  and  each  gene  with  two  alleles  (Bock  1966;  Ornduff 
1966). 

Very  few  cytological  studies  have  been  done  on  waterhyacinth. 
Banerjee  (1974)  found  the  chromosome  number  to  be  2n  = 32  in  India, 
illustrated  karyotypes,  and  described  the  cnrooosomes.  She  found  the 
cnroTOSone  nimber  to  be  very  consistent  but  noted  variants  of  2n  » 3D 
and  58.  Bock  (19H)  also  reported  the  diploid  cnromosome  number  to 
be  32  and  noted  that  this  had  been  reported  by  earlier  authors  as 
the  probable  nundier. 

Economic  Importance 

Materhyacinth  Is  ranked  world-wide  as  among  the  top  10  most  im- 
portant weeds  and  as  the  single  most  important  aquatic  weed  (Holm  1969). 
Because  of  its  floating  habit  and  high  productivity  (Bock  1969)  it  com- 
petes with  man  for  open  water.  Large  build-ups  interfere  with  hydro- 
electric operations  in  many  areas  (Holm  et  mZ.  1969;  Rushing  1974).  Its 
ability  to  interfere  with  navigation  is  well  docianented  (Bay  1950;  Evans 
1963;  Holm  1969;  Hebber  1897;  Curtis  1900;  Zeiger  1962).  In  the  Panama 
Canal  nats  of  waterhyacinth  have  become  so  thick  as  to  interfere  with 
the  opening  and  closing  of  the  locks  (Pasco,  pers.  comm.).  Gusio  cP  al. 
(1965)  cited  a study  in  which  the  efficiency  of  canals  in  the  Everglades 
were  reduced  40-80t  by  large  infestations  of  this  plant.  Irrigation 
operations  are  affected  by  the  impediment  of  water  flow  and  the  clogging 
of  pimps. 

Waterhyacinths  affect  agriculture  not  only  indirectly,  as  in  irri- 
gation, but  also  directly.  Sugar  and  rice  are  cultivated  in  "flood-fallow" 


situations  where  the  lanb  Is  flooded  for  several  norths.  Souatlc  weeds 
conpete  wHh  the  crops  for  the  open  surface,  increase  evaporation,  and 
nay  provide  reservoirs  of  crop  pathogens  (Nat.  Scl.  Res.  Coun.  of  Guyana 
and  N.R.S.,  1973). 

Mater  losses  through  evapotranspiration  by  waterhyacinth  can  be 
considerable.  Tlnmons  (1960)  showed  that  17  states  lost  nearly  2 million 
acre-feet  of  irrigation  water  annually  due  to  aquatic  and  ditch  bank 
weeds.  HoTie  at  at.  (1969)  quoted  an  estimated  value  of  this  lost  water 
as  over  J39  nrilHon.  Rates  of  evaportranspiration  by  waterhyacinth  are 
reported  by  Penfound  and  Earle  (1946),  Tinner  and  Weldon  (1967),  Misra 
(1969),  Orezny  at  al,  (1973),  and  Van  der  Meert  and  Kawrling  (1974), 
These  reports  conflict,  however,  as  eiperimental  technique  appears  to 
be  a large  source  of  error  in  these  studies.  The  ranges  of  the  ratio 
of  transpiration  to  open  water  evaporation  are  1.66-6.6  [Penfound  and 
Earle  1946),  3.7  (Timner  and  Weldon  1967),  5.7B-9.84  (Misra  1969), 
1.02-1.36  (Brezny  at  al.  1973),  and  1.20-1.58  (Van  der  Meert  and 
Kanerl ing  1974) . 

Large  mats  of  waterhyacinth  covering  the  surface  of  water  bodies 
block  light  to  phytoplankton  and  submersed  vegetation.  This  effectively 
prevents  the  liberation  of  oaygen  through  the  photosynthetic  processes 
of  these  organlsets.  Further,  surface  diffusion  of  oxygen  is  lowered  as 
mixing  Is  Inhibited  at  the  air-water  interface.  This  results  In  a severe 
reduction  of  dissolved  oxygen  (Ultsch  1973),  This  renders  the  habitat 
unsuitable  or  lethal  to  many  desirable  species  of  fish.  McVea  and  Boyd 
(1975)  demonstrated  that  extensive  pond  coverage  by  waterhyacinth 
reduces  phytoplankton  growth  and  fish  production.  The  composition  of 
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tlie  aquatic  food  chain  nay  change  fron  a p1ant-herbivare  based 
to  a detritus-detrltivore  based  coitiiiunity  (e.g.,  Hansen  at  aZ.  1971)  as 
a result  of  this  loss  of  submersed  primary  productivity. 

Uaterhyacinths  nay  also  successfully  compete  with  valuable  wi1d1 
forage  thereby  replacing  it-  This  may  destroy  feeding  areas  for  waterfi 
(Cowanloch  1944).  Local  economies  may  be  seriously  damaged  in  areas  wh 
cater  to  recreational  needs  such  as  waterfowl  hunting,  fishing,  boatin: 
waterskiing,  swiiming,  etc. 

Hore  seriously,  riverine  comnunities  in  the  developing  areas  of 
the  world  which  depend  on  fishing  as  a primary  source  of  protein  may 
be  denied  access  to  fishing  grounds  (Holm  1969).  Holm  (1969)  further 
stated  that  impoundments  for  fish  culturing  nay  be  destroyed  by  large 
masses  of  floating  waterhyacinth.  He  stated  that  waterhyacinths  con> 
stitute  "...the  nost  massive,  most  terrible  and  frightening  weed 
problem"  he  had  ever  known. 

Waterhyacinth  possible  pose  a health  threat  by  harboring  vectors 
and  intermediate  hosts  of  human  diseases.  The  larvae  and  pupae  of  Haneania 
unifomia  (Theob.),  a mosquito  vector  of  filariasis  in  Asia,  are  known 
to  attach  to  the  roots  of  waterhyacinths  (Burton  I960;  HcOonald  1970). 
Waterhyacinths  may  result  in  an  increased  production  of  mosquitoes  by 
hindering  insecticide  applicaticn,  interfering  with  predators,  increasing 
Che  habitat  available  for  certain  species  which  attach  to  the  plant,  and 
by  impeding  runoff  and  water  circulation  thereby  creating  stagnant 
impoundments  for  breeding  (Seabrook  1962).  Kulrennan  (1962)  cautions 
that  uncontrolled  aquatic  plant  populations  could  lead  to  an  Increased 
incidence  of  mosquito-borne  diseases  such  as  malaria,  encephalitis,  and 


other  arboviruses.  Mitchell  (1974)  indicated  that  aquatic  plants, 
including  waterivacinths,  may  also  harbor  snails  which  are  intermediate 
hosts  of  diseases  such  as  fasciollasis  and  shistosomiasis.  He  mentioned 
that  chose  species  which  do  occur  on  waterhyacinth  are  assisted  in 
their  dispersal  by  the  free-floating  habit  of  this  plant  thereby  spreading 
the  associated  diseases.  Bock  (1966)  further  reviews  the  literature 
dealing  with  health  hazards  caused  by  waterhyacinth. 

It  is  difficult  to  arrive  at  sound  figures  regarding  the  monetary 
losses  caused  by  waterhyacinth.  Spencer  (1973,  1974)  quoted  the  following 
figures  from  a congressional  report  for  losses  prevented  by  waterhyacinth 
control  in  Louisiana  in  1957. 

Navigation  $ 1,S7S,000 

Flood  Control  unknown 

Drainage  1,684,000 

Agriculture  19,557,000 

Fish  t UilOlife  14,727,000 

Public  Health  250,000 

S37.993.0OO 

Penfound  and  Earle  (1948)  conservatively  estimated  that  water- 
hyacinths  were  responsible  for  losses  of  SS  million  annually  as  of  1948 
In  Louisiana.  Spencer  (1973,  1974)  quoted  figures  from  a Louisiana 
Fisheries  and  Mildlife  report  indicating  losses  of  $65-75  million  in  1947 
In  Louisiana  due  to  aquatic  weeds,  in  1930  a report  to  Che  Jacksonville 
City  Coonission  estimated  that  in  the  period  from  1900-1930  Che  Federal 
Sovemment  spent  $233,000  on  waterhyacinth  removal  in  the  Jacksonville 
District  to  siiiply  maintain  "open  channels  for  navigation"  (Buckman  and 
Co.  1930).  By  1961  the  total  cost  had  risen  to  $1,861,788  in  the  same 
district  (Tabita  and  Woods  1962).  Wunderlich  (1964)  reported  costs  of 
clearing  aquatic  weeds  ranging  from  $15-60  per  acre.  As  of  1964  about 
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90.000  Of  Florida's  2,500,000  acres  of  fresh  water  and  70,000  Co  100,000 
acres  of  Louisiana's  2,000,000  acres  of  fresh  water  are  covered  with 
waterhyacinth  (IngersoH  1974).  Hudson  (pens,  com.}  estimates  that  in 
197S  Che  acreage  of  waterhyacinth  in  Florida  has  extended  to  more  than 

200.000  acres  and  the  average  cost  of  control  per  acre  is  about  125.  He 
estimated  that  a11  agencies  within  the  state  In  FY  1975  allocated  $16 
million  for  aquatic  weed  control,  about  301  of  which  ($4.8  million) 
goes  towards  waterhyacinth  control.  This  is  an  increase  of  almost  $2 
million  over  the  previous  year  (Ff  1975)  for  waterhyacinth  control 

Thompson  (pens  comm.)  Indicated  that  between  1965  and  1974  the 
U.S.  Amy  Corps  of  Engineers  spent  $6.1  million  in  combined  construction 
and  operations  funds  for  aquatic  weed  control  in  Louisiana  alone.  In 
the  period  between  1960  and  1964  the  estimated  cost  was  $1.7  million. 

Other  weeds  are  of  minor  concern  and  for  the  most  part  1001  of  this 
went  toward  waterhyacinth  and  alligator  weed  control.  The  State  of 
Louisiana  beginning  its  program  In  the  mid  1940's  spent  $8.1  million 
as  of  1973.  Further  costs  Included  $1  million  In  1974  and  $1.1  million 
in  1975.  Thompson  further  estimated  that  the  average  cost  of  treating 
an  acre  is  between  $32  and  $35  In  Louisiana.  The  most  economical  means 
being  by  helicopter  ($13/acre)  or  fixed  wing  aircraft  ($IO/acre)  when 
possible.  The  current  estimate  of  acreage  covered  in  Louisiana  exceeds 
I million  acres.  This  does  not  necessarily  reflect  an  Increase  In  acreage 
over  Ingersoll's  (1974)  figure  but  is  merely  a more  accurate  estimate. 

It  is  evident  from  these  figures  that  the  acreage  covered  with 
the  plant  is  increasing  while  the  cost  of  treating  an  acre  is  also 


increasing.  The  result  of  this  Is  a geometrlcanj'  increasing  trend  in 
the  overai!  cost  of  aquatic  weed  control  by  traditional  means. 

Because  of  the  seriousness  of  -aterhyacinth  infestations  the 
beneficial  aspects  of  this  plant  nave  been  largely  overlooked  or  ignored. 
Fringes  of  aquatic  plants  along  rivers  or  lakes  are  often  helpful  In 
absorbing  wind  and  wave  action  and  preventing  bank  erosion  (Tllghnan 
1963).  Caldwell  (1942)  notes  that  the  roots  of  waterhyacinth  provide 
excellent  cover  for  goldfish  spawn.  He  promotes  the  growing  of  this 
plant  for  ornamental  purposes  stating  that  it  is  the  "Biggest  bargain 
in  a pool  plant  . . and  dismisses  its  detrimental  attributes  as  an 
"...  attractive  nuisance."  Waterhyacinth  was  originally  imported  into 
this  country  for  use  as  an  ornamental  (Raynes  1964)  and  the  beautiful 
flower  does  give  it  a certain  aesthetic  appeal. 

Tllghnan  (1962,  1963)  spent  many  years  fishing  the  St.  Johns  River 
and  guiding  fishing  tours.  He  was  vehement  about  the  beneficial  effects 
of  waterhyacinth  on  fish  propagation  noting  that  the  plant  roots  provide 
cover  for  spawn  and  support  macro-invertebrates  which  are  preyed  upon 
by  fish.  Tilghman  also  noted  that  the  plants  helped  clean  the  water 
thus  improving  the  fish  habitat. 

Abu-61deiri  and  Tousif  (1974)  studied  the  influence  of  water- 
hyacinth  on  planktonic  development  in  the  White  Nile.  They  compared 
plankton  populations  and  water  chemistry  parameters  at  a site  south 
of  Jebel  Aulia  Dam  to  similar  studies  done  prior  to  1958  before  in- 
vasion of  the  area  by  waterhyacinth  occurred.  They  found  that  overall 
planktonic  densities  had  increased  in  the  interim  as  a result  of  changes 
in  the  water  quality  (such  as  an  increase  in  phosphates).  They  attributed 


this  change  to  the  Deed  infestation  but  failed  to  consider  cultural 
changes  in  the  area.  They  concluded  Chat  the  weed  growth  provides 
improved  conditions  for  planktonic  development  and  thus  benefits  fish 
production.  The  basis  for  these  conclusions  Is  obscure,  however,  and 
doesn't  agree  with  the  findings  of  other  authors  (e^g.  Wahlguist  1969b, 
HcVea  and  Boyd  1975],  While  it  seems  probable  that  a fringe  of  the 
weed  would  be  beneficial  in  some  areas  Sose  (1995)  comiented  . . the 
various  reports  of  fish  mortalities  in  stagnant  pools  and  ponds  covered 
with  waterhyacInCh  at  once  dispell  the  ideas  and  ruin  the  prospect  that 
waterhyacinth  should  ever  be  fancied  in  tropical  countries  as  'one  of 
the  popular  plants'  for  any  kind  of  pisciculture." 

Increasing  attention  has  been  directed  towards  using  waterhyacinth. 
Pirie  (1960)  advocated  utiliting  waterhyacinth  as  a crop.  Waterhyacinths 
are  currently  being  considered  for  tertiary  treatment  of  sewage  effluent 
(see  Pymond  1990;  Sheffield  1967;  fount  1959;  fount  and  Grossman  1970; 

Boyd  197Qb;  Rogers  1971 ; Rogers  and  Oavis  1971 ; Ounigan  $t  al.  1976; 

Dunigan  and  Phelan  1976).  Its  possible  use  as  feed  for  livestock 
(Chatterjee  and  Hye  19BS;  Baldwin  <t  al.  1975;  Bagnall  at  al.  1973,  1979; 
Baldwin  1973;  Boyd  196Ba,  b;  Combs  1970;  Hentges  1970;  and  Salveson  1971). 
Apparently  waterhyacinth  Is  used  as  pig  fodder  in  Singapore  (Anonymous 
1951).  A complete  cycle  is  developed  when  waterhyacinth  is  fed  to  pigs, 
wastes  and  fecal  natter  are  washed  from  the  piggeries  into  the  pond, 
this  fertiliaes  the  pond  to  produce  fish  and  more  waterhyacinth  which 
are  both  harvested, 

Chatterjee  and  Hye  (193B)  found  that  waterhyacinth  was  high  in 
potash  with  as  much  as  6Bt  in  the  ash  (33  on  dry  weight),  comparable 


Mlth  other  fodders  1n  nitrogen  content  (0.97  to  2.57*  D.W.),  rich  in 
chlorine  (3-4*  D.H.).  and  richer  than  Napier  and  Guinea  grass  in  line 
(3.5*  D.N.)  and  magnesia  (0.96*  D.W.).  They  also  noted  that  its  phosphate 
content  was  low  (0.36*  B.W.)  but  that  the  digestible  nutrients  compared 
well  with  other  fodders.  Taylor  and  Robbins  (1968)  analyeed  the  com- 
position of  waterTiyacinth  and  found  the  leaves  to  contain  15.8*  dry 
natter  which  in  turn  was  composed  of  14.7*  ash.  1.7*  nitrogen,  10.7* 
crude  protein  and  17*  crude  fiber.  The  whole  plants  were  8.9*  dry 
matter,  1.5*  nitrogen  and9.6*crude  protein.  They  also  analyzed  the 
plants  for  the  anino  acid  composition.  They  concluded  Chat  the  lysine 
content  of  waterhyacinth  was  sufficient  to  serve  as  an  effective  grain 
protein  supplement. 

Boyd  (1968a)  determined  that  waterhyacinth  contained  12-18* 

(D.N.)  crude  protein.  He  subsequently  fully  analyzed  the  nutritive 
value  of  watertiyacinth  and  found  the  dry  weight  to  be  5.9S,  the  crude 
protein  to  be  0.94*  of  the  fresh  weight  (ca.  16*  D.M.),  cellulose  ca. 
28*  (D.H.)  total  available  carbohydrate  7.8*.  ash  17*,  and  caloric 
content  ca.  3.8  kcal/g.  He  further  analyzed  the  Inorganic  nutrient 
content  and  the  amino  acid  composition.  Taylor  ee  al.  (1971)  evtracted 
protein  from  waterhyacinth  and  found  that  the  percentage  on  a dry 
weight  basis  varied  between  7.4  to  18.1*.  They  also  analyzed  the 
protein  for  the  amino  acid  composition. 

KnipTing  at  ai.  (1970)  compared  the  nutrient  content  of  water- 
hyacinth from  two  different  sites.  They  performed  comparative  analyses 
of  various  plant  parts  from  the  two  sites  for  nitrogen,  phosphorus, 
calciimi,  potassium,  and  magnesium  as  well  as  chlorophyll  and  water 


content.  They  determined  that  the  nutrient  content  in  the  plant  tissues 
Mas  not  proportional  to  that  of  the  eater  In  Nhich  they  were  grown.  Boyd 
{1974}  has  sumiarited  the  data  on  the  composition  of  waterhyactnth  and 
other  aquatic  plants. 

Liang  and  Lovell  (I971J  evaluated  waterhyacinth  for  use  In  channel 
catfish  feed.  They  found  that  the  addition  of  5 to  IDl  waterhyacinth  in 
vitamin  free  diets  increased  growth  and  reduced  mortality  in  the  fingerlings. 

Bagnall  at  oZ.  11974}  using  waterhyacinth  as  feed  supplements  for 
cattle  and  sheep,  for  paper  production,  and  for  nulch  determined  that 
its  processing  as  mulch  was  the  most  economically  feasible  use. 

Azam  (1941)  proposed  that  underdeveloped  countries  encourage  their 
people  to  utilize  their  spare  time  preparing  various  products  made  from 
waterhyacinth  and  thus  supplement  their  income.  Some  of  the  products 
they  suggested  were  paper,  pressed  board  and  tiles,  detergents,  cattle 
fodder,  and  manure.  Kolan  and  Kirmse  (1974)  considered  waterhyacinth 
unusable  in  the  production  of  paper. 

Iswaren  and  Sen  (1973)  found  that  an  extract  from  waterhyacinth 
roots  increased  the  yield  of  Brinjal  (Solwnan  malan^am  var.  Pusa 
Kranti)  from  S07.2  g/plant  to  1317.3  g/plant.  Ganguly  and  Sircar  (1964) 
found  that  a root  extract  from  waterhyacinth  increased  the  metabolic 
activity  and  the  nitrogen  and  sugar  content  of  Piatan  eativm  L.  seedlings. 
HuKherjee  at  al.  (1964)  identified  growth  promoting  substances  in  the 
roots  of  waterhyacinth  which  they  believed  to  be  bound  auxins.  Sheikh 
at  al.  (1964)  noted  that  this  extract  was  thermostable  and  found  it  to 
promote  the  growth  of  ffuxeeoZue  nmga  var.  roxbuaghii,  the  mycelium  of 
Aapargillua  nfg«r,  the  growth  of  Fhiaapua,  and  the  multiplication  Of 


yeast  cells  thereby  promoting  fermentation.  S.W.  Sircar  and  Chakravarty 
(1961)  found  that  this  root  extract  increased  the  yield  of  jute  (CamhoruB 
aapsularit  L.)  and  the  production  of  fiber.  P.K.  Sircar  et  al.  (1973) 
Identified  four  gibberelin-like  compounds  from  extracts  of  uaterhyacinth 

Other  attempts  to  find  marketable  products  of  uaternyacinth  include 
ink.  upholstery  stuffing,  rope.  bags,  plastics,  timber  substitutes,  and 
ice  chests  (Bock  1966).  Horton  (1962)  gives  a recipe  for  preparing  water- 
hyacinths  for  food.  For  further  reviews  of  the  liurature  dealing  with 
the  utilization  of  waterhyacinth  and  other  aquatic  weeds  see  Bock  (1966). 
Sculthorpe  (1967),  Little  ( 1968b  ),  Boyd  (1972,  1974)  and  Hitchell 
(1974). 

Distribution 

It  is  generally  accepted  that  South  America  is  the  area  of  origin 
of  the  waterhyacinth.  Small  (1936)  indicates  that  it  was  originally 
discovered  in  the  San  Francisco  River  near  Halnada,  Brazil  in  1824. 

Bock  (1966)  cites  Hooker  (1829)  as  listing  several  early  collections 
from  Brazil;  Demerara  River,  Guiana;  New  Granada  ( a former  Spanish 
viceroyality  including  present  day  Venezuela,  Ecuador,  Colombia,  and 
Panama);  Guayaquil,  Ecuador;  and  Buenos  Aires,  Argentina.  She  also 
cites  early  references  indicating  it  was  also  native  to  the  Best  Indies 
(eg.  Schwartz  1928;  Britton  1918).  Castellanos  (1969)  lists  its  present 
South  American  distribution  as  Argentina,  Paraguay,  Brazil,  Uruguay, 
Chile,  Ecuador,  Colombia,  and  Guyana.  It  has  also  been  reported  In 
Surinam  (Little  1966,  1966;  Holm  at  al.  1969).  It  has  apparently  been 
widespread  in  South  America  for  many  years  as  evidenced  by  the  early 


Mlsra  (1969)  cited  a source  which  Indicates  that  Che  center  of 
origin  for  this  species  was  probably  the  Pemarbuco  region  of  Brazil. 

A few  authors  have  subscribed  to  other  regions  of  origin  outside  of  South 
America.  Hildebrand  (1946,  p.477)  states  "The  water  hyacinth,  EielOtomia 
oraeaCpae.  is  a native  of  Japan  and  was  carried  about  70  years  ago  to 
South  America,  where  it  became  widespread  in  fresh-water  streams  and 
lakes."  He  cites  Gowanloch  (1944)  as  the  authority  for  this  statement. 
Oowanloch  apparently  contradicts  himself,  however.  In  one  paragraph 
he  does  indicate  that  waterhyacinth  is  native  to  Japan  and  was  Imported 
to  South  America.  In  the  following  paragraph  he  states,  "When  In  16S4 
an  International  Cotton  Exposition  was  held  in  New  Orleans,  the  Japanese 
Government  representatives  in  their  building  on  the  Esposition  grounds 
gave  away  as  souveniers  water  hyacinths  which  they  had  imported  from 
Venezuela."  Small  (1933)  suggested  Chat  It  nay  be  native  to  florlda. 

A Ceylonese  author  claimed  that  Florida  was  Its  area  of  origin  (Bock  1966], 
Waterhyacinth  Is  well  known  from  the  Hest  Indies  (Bock  1966). 
Castellanos  (1959)  includes  the  Antilles  within  the  range  of  distribution. 
Bancroft  (1913)  also  indicated  that  the  plant  was  present  in  the  Hest 

the  center  of  dispersal  for  this  species.  She  also  Found  it  naturalized 
in  Jamaica,  She  suggests  that  it  may  have  spread  to  the  islands  attached 
to  boats  or  by  floating  from  the  mainland. 

As  night  be  expected  waterhyacinth  Is  also  known  from  most  of  Che 
Central  American  countries  including  Panama  (Standley  1928;  Hearne  1966), 
Costa  Rica  (Little  1965),  Nicaragua  (Little  1965,  1966;  Holm  et  al.  1969). 
Honduras  (Castel1ai»os  1959),  and  El  Salvador  (Little  1965,  1966;  Holm  et  al. 


1969).  1 have  not  found  any  records  of  waternyacinth  occurring  in  Guatenala 
but  its  range  does  extend  into  Mexico  (Castellanos  !959i  Little  1965) 
where  it  is  apparently  well  distributed. 

As  previously  mentioned  waterhyacinth  was  thought  to  have  been 
introduced  into  the  United  States  from  Veneauela  in  108d  at  the 
International  Cotton  Exhibition  in  New  Orleans  by  the  Japanese  delegation 
(Klorer  1909;  Beckman  and  Co.  1930:  Gowanloch  1994;  Hildebrand  1946; 

Dynond  1948;  Penfound  and  Earle  1948;  Tabita  and  Woods  1962;  Button  1964; 
Wunderlich  1964;  Bock  1966).  Some  accounts  Indicate,  however,  that  the 
plant  may  have  been  in  the  United  States  in  the  1860's  (Tabita  and  Woods 
1962)  or  prior  to  the  Civil  War  (Penfound  and  Earle  1948).  The  accepted 
theory  maintains  Chat  Che  plant  was  given  away  as  souvenirs  at  the 
New  Orleans  Cotton  Exposition  (Gowanloch  1944).  The  plants  were  taken 
for  ornamental  purposes  (Klorer  1909;  Dutton  1964;  Wunderlich  1964)  or 
for  purposes  of  cultivating  them  for  cattle  fodder  (Wunderlich  i964).  In 
any  case,  it  was  felt  that  when  the  plants  outgrew  the  limited  amount  of 
space  given  Chen  they  were  cast  out  into  natural  bodies  of  water  (Klorer 
1909).  By  IS8S  it  was  in  the  coastal  fresh  waters  of  Texas,  Louisiana, 
Mississippi,  and  Alabama  (Buckman  and  Co.  1930). 

It  was  apparently  introduced  into  Florida  in  1890  (Webber  1897; 
NcLean  1922;  Barber  and  Mayne  1926;  La  Garde  1930;  Buckman  and  Co.  1930; 
Penfound  and  Earle  1948).  Raynes  (1984)  reported  it  was  first  Introduced 
in  the  St.  Johns  River  at  Edgewater  about  4 miles  above  Palatka.  Hr.  J.E. 
Lucas  was  interviewed  by  a New  York  Sun  reporter  (Anonymous  1896]  in  1896 
and  gave  the  following  account: 

■I  know  the  man  who  brought  the  first  plant  to  Florida,"  Hr.  Lucas 


said  to  a Sun  reporter,  "and  he  thought  that  he  did  the  State  a favor. 

I have  It  from  his  om  Ups.  and  I've  known  him  since  long  before  that 
time,  for  I used  to  carry  him  up  the  river  In  a launch  year  after  year 
to  his  orange  grove.  He  was  Hr.  Fuller,  father  of  H-F.  Fuller  of 
Brooklyn,  owner  of  Edgewater  Grove,  a property  which  he  bought  and 
improved,  until  now  It  is  a beautiful  place,  seven  miles  above  Palatka. 
Five  years  ago  there  wasn't  a water  hyacinth  in  the  St.  John's  River, 

there  and  put  them  in  a pond  on  his  premises.  I understand  that  he  brought 
them  from  Europe.  They  added  very  much  to  the  beauty  of  the  place,  and 
they  thrived  so  that  he  took  some  and  threw  them  into  the  river.  There 
they  grew  and  blossomed  abundantly,  and  they  were  greatly  admired,  and 
Hr.  Fuller  said  to  me  one  day;  "The  people  of  Florida  ought  to  thank  me 
for  putting  these  plants  here." 

"But  presently  those  in  his  pond  had  spread  so  that  they  covered 
It  over.  Then  he  cleared  them  all  out.  But  It  was  too  late  to  stop  them 
from  spreading  all  over  the  river.  They  worked  their  way  and  were  blown 
up  and  down  it  for  miles,  and  into  the  bayous,  and  finally  up  the 
Acklawaha  [sic].  Two  years  ago  they  had  become  a serious  menace  to  navi- 
gation, and  protest  after  protest  was  sent  to  Che  Government.  At  last 
the  War  Department  sent  an  agent  to  investigate,  but  he  got  to  us  just 
after  the  visitation  of  that  heavy  frost  of  two  years  ago,  which  killed 
all  our  orange  trees.  The  hyacinths  were  killed  too,  apparently,  and  so 
the  agent  reported  that  nature  had  cleared  the  rivers  and  that  there  was 
nothing  requiring  the  department's  attention.  But  the  plants  were  only 


dead  at  the  top.  They  grew  again,  and  the  etartllng  conditions  that  you 
see  in  these  pictures  are  a growth  of  only  two  years." 

This  account  surprisingly  indicates  that  the  plants  were  introduced 
into  norida  from  Europe  rather  than  from  Louisiana  as  has  generally  been 
assumed  (Buckman  and  Co.  1930;  Tabita  and  Woods  1962;  Wunderlich  1964). 

Waterhyacinth  was  first  discouered  in  Georgia  in  1902  (Harper  1903) 
about  one  mile  north  of  Valdosta.  The  first  record  in  California  is 
from  IM4  near  Clarksburg,  Yolo  Co.  (Sock  1963).  Johnson  (1920)  reported 
it  in  Fresno  Co.,  California.  Bock  (19681  lists  its  present  range  in 
California  from  10  ni  NM  Sacramento  (ca.  38.5°  N Lat.jto  Ramona,  San 
Diego  Co.  (ca.  33°  N Lat.).  She  speculates  that  it  was  probably  brought 
to  California  as  an  ornamental  and  released.  The  primary  rivers  Infested 
are  In  Central  California  and  include  the  kings.  Tuolumne.  San  Joaquim, 
and  Sacramento  River  Systems, 

The  infestation  of  waterhyacinth  in  California  is  discontinuous 
with  the  North  American  range  of  this  weed.  Penfound  and  Earle  (1948) 
stated  that  shortly  after  the  turn  of  the  century  it  had  been  reported 
from  all  the  southeastern  coastal  states  as  far  north  as  Virginia.  A 
distribution  map  published  by  the  U.S.D.A.  (1970)  indicates  that  the 
present  range  of  this  plant  in  the  U.S.  includes  the  Potomac  River  in 
Haryland-Virginia,  west  to  southern  Missouri,  south  to  eastern  Te»as 
and  southern  Florida,  and  separately,  central  California. 

Just  when  waterhyacinth  spread  to  the  Old  World  is  not  certain, 
Agarwal  (1974)  indicated  it  may  have  been  Introduced  into  India  around 
1896.  HcLean  (1922)  cited  testimony  indicating  that  it  may  have  been 
present  in  Bengal  as  early  as  1898  or  1899.  It  was  apparently  introduced 
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to  the  Buiteojorg  Botanic  Bardens  1n  Java  in  IBM  (Bock  1966;  ScvUiiorpe 
1967).  By  1905  it  had  appeared  in  Ceylon  (Jepson  1933).  It  had  become  a 
serious  problem  in  Coctiin  China  (a  part  of  S.  Vietnam)  by  1906.  in  Burma 
by  1913  and  in  Bengal  by  1914  {McLean  1922).  The  Philippines  acquired 
the  plant  around  1912  and  by  1926  it  was  appearing  in  China  as  well  as 
Borneo  and  Malaysia  (Bock  1966).  Records  as  to  its  entry  in  Japan  are 
scarce  but  they  were  apparently  introduced  during  this  century  as 
ornamentals  (Shibata  at  at.  1965;  Bock  1966).  The  first  record  of  its 
occurence  in  Okinawa  was  in  1952  (Bock  1966)  but  it  may  have  been  there 

From  these  beginnings  it  now  occurs  throughout  India,  Southeast 
Asia,  and  Indonesia  (Bancroft  1913;  Barber  and  Hayne  1925;  Jepson  1933; 
Penfound  and  Earle  194B;  Anonymous  1951;  Sen  1961;  Little  1965,  1968a; 
Holm  at  ttl.  1969;  Chhibbsr  and  Singh  1971;  Haigh  1936;  Hitchcock  aC  al. 
1949;  McLean  1922;  Agarwal  1974;  Robertson  and  Thein  1932;  Shibata  at  al. 
1965;  Bangstad  at  el.  1972;  Ishaque  1952). 

Haterhyacinth  was  first  introduced  into  Australia  in  Queensland 
in  1895  (McLean  1922)  and  in  New  South  Hales  in  1696  (Maiden  at  al. 

1906).  It  was  apparently  eradicated  from  New  South  Hales  but  a reinfest- 
ation  occurred  in  the  1940's  (Parsons  1963;  Bill  1969),  to  South 
Australia  by  1937  (Bill  1969)  and  to  Victoria  by  1939  (Parsons  1963). 

Bill  (1969)  notes  that  waterhyacinth  is  not  a serious  problem  in 
Australia  today  except  in  some  Queensland  rivers. 

Weterhyaclnth  also  occurs  in  New  Zealand  (Halker  1964;  Taylor  1956; 
Anonymous  1964b;  Little  1965,  1968a;  Holm  gt  al.  1969)  although  it  is 
difficult  to  determine  wnen 


it  first  appeared  there.  Taylor  (1955) 


seems  M imply  that  it  uas  discovered  in  19M  at  least  in  the  Rotorua 
District.  Walker  (1954)  reported  It  from  the  opposite  side  of  North 
Island  near  Shannon.  Matthe»s  (1967)  stated  that  there  were  2 areas  of 
infestation  In  194B-60,  15  after  1950,  and  70  by  1956.  Another  report 
(Anonymous  1964}  Indicated  that  there  were  at  least  60  known  Infest- 
ations in  Ken  Zealand  ranping  from  Opoua  in  the  north  to  Shannon  in 
the  south.  Hanson  and  Hanson  (1956)  noted  its  occurrence  as  far  north 
as  Kaitaica. 

The  spread  of  this  plant  has  also  taken  in  some  of  the  Pacific 
Islands.  It  was  reported  from  Hawaii  in  1946  (Dock  1966)  and  Mune  and 
Parham  (1964)  Indicated  that  it  was  recognised  as  a pest  in  FUi. 

In  Africa  the  plant  is  known  from  Kenya  (Anonymous  1967).  Zaire 
(Anonymous  1957;  Lebrun  1956;  Kirkpatrick  1958;  Coste  19SB;  Berg  1959; 
little  1965, 196Ba;  Holm  at  al.  1969).  Tanzania  (Anonymous  1967;  Little 
1963);  Uganda  (Anonymous  1957),  Angola  (Lebrun  1958;  Hendonca  1958). 
French  Equatorial  Africa  (Lebrun  1958),  Rhodesia  (Lebrun  1958;  Little 
1968;  Holm  ec  aZ.  1969)  Halawi  (Lebrun  1958);  Honzambigue  (Lebrun  1956; 
Mehdonca  1958),  South  Africa  (DuToit  1938:  Penfound  and  Earle  1948; 
Lebrun  1958;  Holm  at  al.  1959),  Hadagascar  (Lebrun  1958),  Sudan  (Gay 
1958,  I960;  Davies  1959;  Pettet  1964;  Little  1965.  1966, 1968a;  Chadwick 
and  Obeid  1966;  Holm  at  al.  1969;  Abu-Gideriri  and  Tousif  1974;  Tag  el 
Seed  and  Obeid  1975;  Hchamed  and  Bebawi  1975),  Senegal  (Anonymous  1964; 
Little  1965;  Holm  at  al.  1969)  and  Egypt  (Little  1965;  Holm  ec  oZ.1969). 

Haterhyacinth  was  first  introduced  into  Africa  either  In  South 
Africa  or  Egypt.  Sculthorpe  (1967)  cited  a work  on  Egyptian  flora  sdiich 
indicated  that  it  made  its  appearance  in  Egypt  in  the  period  between 
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1S79-1892.  Bock  (19BS),  however,  indicated  that  1t  was  not  Introduced 
Into  Egypt  until  1912.  It  was  Introduced  into  South  Africa  around  1910 
as  an  ornainental  and  by  1938  was  reported  from  rivers  in  the  Cape  Pen- 
insula, Seorge,  Knysna,  Albany,  Port  Elisabeth,  [fitenhage,  Victoria 
East,  and  Natal  (DuToit  1938).  It  had  apparently  reached  South  Rhodesia 
prior  to  1937  as  Europeans  settling  there  reported  its  presence  at  that 
time  (Holm  at  al.  1969i  Bock  196B). 

By  1992  waterhyacinth  had  spread  into  Moaambique  in  the  Inconati 
estuary  from  Vila  Luisa  to  Xanowano  and  apparently  originating  from  the 
Transvaal  of  South  Africa  (Wendonca  1958).  Kirkpatrick  (1968)  Indicated 
that  waterhyacinth  was  already  present  in  Zaire  (the  Belgian  Congo)  in 
the  Congo  River  in  1954.  Coste  (1958)  felt  that  it  was  introduced  in 
the  period  between  1950  to  1951.  Other  authors  (Bock  1966;  KOlm  at  al. 
1969)  list  1952  for  its  introduction  into  the  Congo.  By  1955  it  had 
spread  over  1600  km  of  the  river  between  Leopoldville  and  Stanleyville 
(Xirpatrick  1958).  Gay  (1958)  first  observed  waterhyacinths  occurring 
on  the  White  Nile  of  the  Sudan  in  1958  along  about  1000  km.  It  was 
apparently  not  abundant  in  the  river  prior  to  1957  although  it  may  have 
been  present  in  1956. 

Senegal  first  reported  the  presence  of  waterhyacinth  in  1964 
(Anonymous  1964)  from  the  Cape  Vert  peninsula  and  this  nay  perhaps  be 
the  first  record  in  the  northwestern  part  of  Africa.  In  spite  of  the 
warnings  expressed  by  the  Inter-African  Phytosanltary  Coimilssion  it 
was  still  available  for  purchase  from  street  hawkers  in  Senegal  in  1965. 

Waterhyacinth  is  now  distributed  in  all  of  the  tropical  and  sub- 
tropical areas  of  the  world.  Its  northernmost  limits  of  distribution 
are  probably  near  Sacidiuento,  California  (Lat.  38.5°  N;  Sock  1968), 


ttie  Potonac  Rivsr  near  UeshingtOfi,  D.C.  {ca.  30“K;  Gowanloch  and 
1948;  U.S.O.A.  1970),  Japan  (30-35*N;  Holm  .c  al.  1969)  and  possidly 
Portugal  (37-40*8)  as  indicated  by  Holm  at  at.  (1969)  on  their  distri- 
bution map.  The  southern  most  limits  of  distribution  appear  to  be  Buenos 
Aires,  Argentina  (34°S)  and  Concepcion,  Chile  (37*S)  in  South  America 
(Castellanos  1959),  and  Shannon,  Ken  Zealand  (40-4l*S;  Anonymous  1964). 
The  range  in  general  seems  to  be  bounded  by  the  40*  North  and  South 
Latitude  lines.  Very  little  information  is  available  on  the  altitudinal 
restrictions  of  this  species  although  one  paper  (Anonymous  1957)  states 
that  it  is  limited  in  the  tropics  to  an  altitudinal  zone  of  from  sea 
level  to  4500  feet  (ca.  1400  m). 

Habitat 

Little  is  known  of  the  ranges  of  environmental  tolerances  of 
waterhyacinth.  Webber  (1897)  noted  the  effects  of  freezing  temperatures 
in  Florida  in  the  winter  of  1894-96.  He  noted  that  the  first  freeze 
killed  the  top  which  caused  the  plant  to  float  higher  in  the  water. 

A second  freeze  killed  this  newly  exposed  portion.  Most  of  the  plants 
survived  by  resprouting  from  the  unexposed  portion  of  the  rhizome. 

Buckman  and  Co.  (1930)  stated  that  temperatures  as  low  as  28*F 
(-2.3°C)  luy  be  withstood  by  the  roots  but  will  kill  the  tops.  Temper- 
atures lower  than  this  will  kill  the  roots  as  well.  Hitchcock  at  al. 
(I960)  observed  waterhyacinths  subjected  to  two  days  of  freezing  in 
New  York.  The  plants  were  ice-covered  when  transferred  to  Che  green- 
house. Damage  was  apparently  severe  as  the  authors  noted  that  all  the 
foliage  and  all  the  roots  were  killed.  Within  13  days  the  plants  had 
recovered  by  resprouting  from  the  rhizoaie  tip.  Hisra  (1969)  placed 
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plants  in  a deepfreeze  at  -10”C  for  7-8  hours  and  the/  failed  to  revlve- 
He  found  that  at  15*C  the  groxth  became  restricted  and  the  plant  did 
not  show  any  Increase  in  growth  up  to  a 90-day  period. 

Penfound  and  Earle  (1948)  exposed  small  plants  in  trays  with  3 
inches  of  water  to  various  air  temperatures  for  various  durations.  They 
found  that  at  33*F  and  27°F  (0.56*C  and  -2.7B'C)  all  Of  the  rhizomes 
resprouted  when  returned  to  room  temperatures  after  being  exposed  for 
12,  24,  and  48  hours.  At  23'F  (-5”C)  all  resprouted  after  12  and  24 
hours  hut  none  survived  after  48  hours.  At  21'F  (-6.irc)  some  survived 
12  hour  exposures  but  none  survived  24  or  48  hour  exposures-  At  19°F 
(-7.22'’C)  none  resprouted  after  being  exposed  for  12.  24,  or  48  hours. 
They  concluded  that  the  teoxierature  effect  depends  upon  the  duration 
of  exposure  and  that  freezing  of  the  rhizome  tip  results  in  the 
destruction  of  the  plant. 

Hitchcock  «t  at.  (1949)  found  that  satisfactory  growth 
occurred  in  air  temperatures  of  21-27‘C.  Silveira-Guido  st  al.  (1965) 
stated  that  the  plants  grew  well  In  water  temperatures  ranging  frtmi 
17-35°C.  9ock  (1966)  measured  air  temperature  ranges  of  17-3S’C  and 
water  temperature  ranges  of  18.6-21 .5*C  during  the  waterhyacinth 
growing  season  and  winter  mid-day  temperatures  of  5-lO^C  for  air  and 
S.8°C  for  water  in  California.  She  also  stated  that  Che  populations 
survived  Che  winter  of  1963-4  from  which  she  monitored  28  da  with 
air  temperatures  below  freezing.  1964-65  with  25  day,  and  1965-6 
with  35  da  although  considerable  mortality  did  occur. 

Ihilpling  at  al.  (1970)  measured  waterhyacinth  growth  along  a 
gradient  of  water  temperatures.  They  found  the  optimum  to  be  28-30^C 


range  af  22-35®C. 


although  relatively  high  grorth  occurreil  over  the 
Exposure  to  10*C  nights  reduced  the  amount  of  photosynthesis  on 
following  warm  days. 

Bock  (1966.  1968)  exposed  plants  to  26,7°C-26.7*C.  26.7"C- 
and  4,4”C-4.4”C  Oay-nlght  temperatures  under  both  16-18  and 
8-16  L;0  photoperlods.  She  found  that  growth  was  favored  In  the  higher 
temperatures  although  It  also  appeared  to  he  favored  1n  the  shortened 
photoperiod. 

The  naxlnum  tolerable  water  temperatures  appear  to  be  around 
33-34°C.  PenfounO  and  Earle  (1948)  observed  that  the  plants  cannot 
tolerate  water  temperatures  above  34’C.  Mlsra  (1969)  stated  that  In 
India  the  plants  succumb  at  water  temperatures  above  33°C.  Kn1p11ng 
at  at.  (1970)  found  that  growth  began  to  be  inhibited  at  about  33°C 
and  declined  in  a nearly  linear  manner  at  higher  temperatures  until, 
by  40"Ct  negative  growth  was  indicated.  They  noted  that  the  plants 
were  more  tolerant  of  lower  than  optimum  temperatures  than  of  higher 
than  optimum. 

Light  relations  have  been  investigated  by  a few  authors.  Penfound 
'and  Earle  (1948)  noted  that  in  duly  the  average  light  intensity  was 
about  420  foot-candles  above  colonies  of  moderate-sited  plants.  Under 
the  canopy  of  large  plants  the  light  Intensity  was  about  170  ft-c  repre- 
senting a 60t  decrease.  They  found  that  equitant  elongate  leaves  are 
formed  at  intensities  ranging  from  130-600  ft-c  and  float  leaves  are 
formed  at  intensities  over  600  ft-c.  Under  a walkway  where  the  light 
intensity  was  130  ft-c  (311  of  the  July  average)  most  of  the  plants 
were  found  to  be  dying.  They  also  placed  containers  of  waterhyacinth 
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under  > table  where  the  light  intensity  averaged  55  ft-c  and  all  of 
the  plants  died  in  2 no.  In  connection  with  this  they  placed  several 
plants  in  the  dark  and  neasured  the  starch  depletion.  By  7 da  the 
starch  content  was  reduced  by  50%  and  by  12  da  it  was  completely  gone. 

Hitchcock  *t  al.  (1949)  grew  plants  in  a greenhouse  and  supplied 
one  group  with  supplemental  heat,  one  group  with  supplemental  light, 
and  one  group  was  left  as  a check.  They  found  that  the  no.  leaves  per 
plant,  the  average  leaf  length,  and  the  no.  flowers  produced  were  greatest 
in  the  high  light  condition. 

In  Africa  (Anonymous  1957)  it  has  been  noted  that  light  is  seldom 
a limiting  factor  with  respect  to  vegetation  and  frutification  but  it 
may  have  a more  direct  influence  on  germination. 

As  previously  mentioned  one  study  (Bock  1966,  1968)  found  that 
plants  grown  under  the  same  temperature  ranges  grew  better  under  the 
shorter  photoperiod.  This  peculiarity  was  not  explained. 

Bock  (1966)  stated  that  waterhyacinth  needed  60%  full  sunlight 
or  better  although  she  failed  to  define  full  sunlight.  She  placed 
plants  under  greenhouse  benches  when  the  light  Intensity  at  noon  was 
30-40%  full  sunlight.  These  were  retained  there  from  September  to  March 
and  67%  mortality  was  observed. 

Hisra  (1969)  subjected  plants  tp  40%.  70%,  and  100%  full  sunlight 
(again  undefined)  and  found  that  the  no.  leaves  per  plant  and  the  per- 
centage leaves  with  fleets  increased  with  increasing  light  intensity. 
Correspondingly  a reduction  in  the  average  volume  and  diameter  of  the 
float  occurred  as  the  light  intensity  decreased. 
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Knlpling  «t  al.  (1970)  measured  net  productivity  of  attached 
leaves  under  a range  of  light  conditions.  Photosynthesis  increased  from 
7.B  mg  CO  /dm^ leaf  surface/hP  to  16.1  rag/dnVhr  as  the  light  intensity 
increased  from  1P50  tt-c  to  8000  ft-c.  Oark  respiration  was  found  to 
range  from  2.6  to  2.8  (average  2.7]  mg/tkn/hr. 

Waterhyacinth  is  generally  considered  to  tolerate  a wide  range  of 
pH  (Pieterse  1974).  Haller  and  Sutton  (1973)  found  they  grew  over  a 
range  of  4.0  to  10.0  although  optimal  growth  occurred  in  acid  to  slightly 
alkaline  conditions  (4-8).  Bock  (1966)  citing  data  from  other  authors 
concluded  that  waterhyacinth  generally  occurs  in  waters  ranging  in  pH 
from  4 to  9.  Chadwick  and  Ooeid  (1966)  compared  the  growth  of  water- 
hyacinth  and  water  lettuce  fPCatsa  otrati^dea  L.J  in  cultures  of  varying 
pH.  They  found  that  waterhyacinth  would  grow  at  al!  levels  (pH  3.0  to 
8.2)  but  at  3.0  both  dry-weight  yield  and  offset  production  were  minimal. 
They  felt  that  pH  values  near  7,0  were  optimal  for  waterhyacinth  but 
values  near  4.0  were  optimal  for  water  lettuce.  Penfound  and  Earle  (1948) 
reported  pH  values  usually  ranged  between  6. 2-6. 8 in  or  near  waterhyacinth 
nuts  in  Louisiana  but  could  survive  extremes  of  4-6  and  9-10.  In  the 
Suinean  region  of  Africa  pH  is  thought  to  be  limiting  at  values  of  4,2 
or  below  (Berg  1959;  Anonymous  1957). 

Minschall  and  Scarth  (1962)  studied  the  effects  of  low  ranges  of 
pH  (3. 5-6. 6]  on  the  roots  of  waterhyacinth.  They  found  that  at  values 
below  4.0  the  roots  exhibited  decreased  cell  division  and  cell  elongation. 
Cell  division  at  pH  5.0  proceeded  twice  as  fast  as  at  3.5.  They  further 
found  that  the  plants  could  tolerate  more  acidity  at  cooler  temperatures 
and  the  pH  of  the  cell  sap  was  always  above  that  of  the  culture  medium. 


A few  autKors  nave  suggested  that  stands  of  waterhyacinth  nay 
modify  the  pH  of  the  water,  Penfound  and  Earle  (19A8)  noted  that  pond^ 
waters  in  the  Hississippi  River  delta  have  an  average  pH  of  7.2  whereas 
water  in  waterhyacinth  mats  are  usually  acid.  Ultsch  (1973)  conpared 
open  water  areas  of  a pond  with  areas  covered  with  waterhyacinth  and 
determined  the  yearly  average  pH  to  be  5.6  in  the  open  areas  and  5. A 
in  the  areas  with  waterhyacinth.  Haller  and  Sutton  (1973)  presented 
data  whicn  Indicated  that  the  plants  cause  a change  In  tne  direction  of 
neutrality  from  both  nign  and  low  initial  pH  values.  Center  and  Balciunes 
(1975)  compared  water  quality  parameters  from  sites  with  and  without 
waterhyacinth  and  found  that  those  with  the  plants  had  lower  pH  (7.06 
to. 84]  than  those  without  (7.55±1.06)  although  Che  difference  was  not 
significant. 

Hoisture  requirements  of  waterhyacinth  and  the  effects  of  dessication 
upon  Its  survival  and  growth  have  been  only  superficially  examined. 

MeOber  (1897)  noted  that  if  the  plants  are  to  succeed  a soil  of  loose 
tenture  thoroughly  saturated  with  water  is  required.  Parija  (1934),  however, 
found  that  they  could  survive  5.7t  of  water  saturation  in  soil.  Bock  (1965) 
noted  one  instance  when  the  plants  survived  41  da  in  saturated  soil. 

She  speculated  that  the  plants  can  withstand  periods  of  dessication 
because  excessive  transpiration  is  prevented  from  the  center  of  the 
rosette  by  the  protective  layer  of  dead  outer  leaves.  Penfound  and  Earle 
(1948)  found  that  waterhyacinth  could  survive  drying  periods  up  to  18  da 
depending  upon  climatic  conditions  and  the  surface  they  are  exposed  on. 

Sunny  weather  with  the  plants  on  galvanized  metal  killed  the  plants 
rapidly  while  rainy  and  cloudy  weather  or  placing  the  plants  in  the 
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Shade  allowed  them  to  survive  longer.  Hisra  (1969)  found  that  when  the 
rhizomes  are  air  dried  they  progressively  lose  the  ability  to  resprout 
as  the  moisture  content  decreases.  They  can  tolerate  a lower  moisture 
content  when  dried  in  mud,  however,  than  when  dried  In  air.  This  may 
enable  them  to  survive  draughts  in  some  instance. 

As  far  as  I have  been  able  to  determine  Bock  (1966)  is  the  only 
one  to  have  investigated  the  effects  of  humidity  on  the  growth  of 
waterhyacinth.  She  grew  plants  In  a growth  chamber  both  inside  a plastic 
enclosure  with  high  humidity  and  outside  the  enclosure.  She  concluded 
that  high  humidity  favors  growth. 

With  the  recent  interest  in  the  utilization  of  waterhyacinth  for 
nutrient  removal  in  sewage  effluent  increasing  attention  has  been  directed 
towards  the  nutrient  requirements  of  this  plant.  Dymond  (1948)  found  that 
the  plants  grew  in  both  nutrient-rich  and  nutrient-poor  water  and  that 
the  nutrient  content  of  the  plant  was  higher  in  nutrient-rich  water. 
Hitchcock  at  al.  (1949)  concluded  that  waterhyacinths  have  relatively 
low  nutrient  requirements  as  good  growth  occurred  in  solutions  0.01  to 
0.001  times  as  Strong  as  normal  in  water  cultures.  They  also  found  that 
the  growth  response  increased  with  added  nutrients, 

In  Africa  (Anonymous  1967)  it  has  been  noted  that  the  lower  limit 
of  "mineralization"  is  very  low  but  little  is  known  of  the  upper  limits, 
Chadwick  and  ObetO  (1966)  found  that  an  increase  in  nitrogen  levels 
caused  a linear  increase  in  the  total  yield  and  plant  number  but  had 
little  effect  on  the  mean  weight  per  plant.  Knipling  at  al.  (1970) 
studied  two  sites  with  notably  different  levels  of  orthophosphate  and 
were  surprised  to  find  that  Che  average  standing  crop  yields  were 


similar  at  botn  sites.  They  further  found  that  plants  grown  in  varying 
phosphate  solutions  ranging  from  0.07S  ppm  to  0.60  ppm  did  not  signifi- 
cantly differ  with  respect  to  percentage  weight  gain  over  a 17  da  period. 
Haller,  at  al.  (1970)  found  that  the  critical  phosphrus  concentration 
for  waterhyacinth  growth  was  0.01  ppm.  Above  this  level  phosphorus  was 
absorbed  in  luxury  amounts  but  a higher  proportion  of  that  available 
was  absorbed  at  low  concentrations.  Haller  and  Sutton  (1973)  found 
that  optimal  growth  occurred  at  20  ppn  phosphorus  but  levels  higher  than 
to  ppm  were  toxic.  They  further  found  that  the  root  weight  was  greatest 
at  0 ppm  reflecting  a tendency  towards  maximizing  root  absorptive  sur- 
face in  response  to  low  nutrients. 

Sutton  and  Blackburn  (1971a,  b]  investigated  the  effects  of  vary- 
ing copper  solutions  on  growth  and  transpiration  of  waterhyacinth.  They 
found  that  transpiration  was  reduced  at  4.0  ppm  with  copper  when  grown 
in  the  solution  for  1 week  and  at  7.0  ppm  when  grown  for  Z weeks.  Growth 
was  inhibited  by  3.S  ppn  when  subjected  to  the  solution  for  2 weeks. 

After  one  week  the  shoot  dry  weight  was  reduced  at  B.Q  ppm  or  above  and 
the  root  dry  weight  by  16.0  ppm.  The  copper  content  of  the  shoot  reflected 
the  content  of  the  water  when  the  concentration  was  above  2.0  ppm  but  at 
levels  below  this  the  concentrations  in  the  roots  were  Independent  of 
those  in  the  water.  The  copper  content  of  the  roots  increased  linearly 
with  the  solution  concentration. 

Boyd  and  Scarsbrook  (1976)  found  that  the  addition  of  20:20:5 
N:P20^:K20  fertilizer  to  ponds  Increased  the  biomass  yield  of  water- 
hyacinth.  The  fertilizer  was  added  at  4 levels  0,  2.7  kg/ha,  10.8  kg/ha, 
and  21.6  kg/ha.  It  was  interesting  to  note  Chat  the  highest  level  of 
fertilization  resulted  in  a yield  less  than  the  two  Intermediate  levels. 


Coimufiltv  As50C<ations  . . 

Because  of  the  worldwide  distribution  of  waterhyacinth  any  CGIS' 
prehensive  list  of  plants  associated  with  it  would  be  a tremendous  task. 

A few  authors  have  breached  this  subject  on  a local  level,  however. 

Harper  (1903)  noted  the  association  of  an  orchid,  Habmaria  repens  Kutt., 
with  waterhyacinth  In  Georgia.  Small  (1936)  listed  a dozen  plants  which 
may  be  found  growing  on  the  floating  mats  of  waterhyacinth  and  noted  in 
New  Orleans  that  it  grows  intimately  with  several  other  aquatic  species. 
Penfound  and  Hathaway  (193B)  described  plant  ccmmunities  in  the  marshlands 
of  southeastern  Louisiana.  They  found  waterhyacinth  associated  with  the 
cypress-gum  swamps  in  strictly  fresh  water  and  presented  an  extensive  list 
of  other  associated  species.  Penfound  and  Earle  (I9S8)  found  a tremendous 
array  of  plants  (63  species)  occurring  on  mats  of  waterhyacinth.  Eggler 
(1963)  investigated  the  effects  of  2,  4-0  on  other  plant  species  associated 
with  waterhyacinth  and  alligatorweed.  Chadwick  and  Obeid  (1966)  Investi- 
gated antagonismbetween  Pigtia  atratiotag  and  SiatAomia  crasaipee.  Bock 
(1966)  listed  several  species  associated  with  waterhyacinth  in  California 
and  reviewed  the  work  of  several  other  authors.  Abu-Gideiri  and  Vousif 
(1974)  noted  the  ccmiposition  of  the  plankton  comnunity  in  association 
with  waterhyacinth  stands  in  the  Sudan. 

Several  workers  have  reported  on  the  invertebrates  associated 
with  waterhyacinth  Out  this  has  largely  been  the  result  of  biological 
control  investigations  dealing  primarily  with  insects.  O'Hara  (1967) 
quantitatively  listed  the  invertebrates  found  in  waterhyacinth  mats. 

Hansen  et  al.  (1971)  listed  some  invertebrates  present  in  the  aquatic 
component  of  the  waterhyacinth  coimunity  and  constructed  a partial  food 
web.  They  also  studied  the  vertebrates  present  as  did  Gain  (1943). 


entofliofauna  of  waterhyacinth  is  quite  large  and  diverse. 


of  the  infomation  available  regards  those  species  which  feed  upon  water- 
hyacinth  and.  thus,  show  potential  as  biological  control  agents.  Sankran 
at  al.  (1966)  investigated  a grasshopper  (fltKr/tula  fiaiotifron*  Stal. 
:Acr1didae)  attacking  waterhyacinth  in  India.  Fred  Bennett  of  CIBC  in 
Trinidad  has  published  many  papers  on  the  possibility  of  biological  con- 
trol of  waMrhyacinth  and  on  the  Insects  associated  with  it  (Bennett  1967, 
1968a,  1968b,  1970,  1972i  Bennett  and  Zwolfer  1968).  Other  lists  have 
been  provided  by  Sordon  and  Coulson  (1969),  Coulson  (1971),  Perkins  (197Z, 
1974)  and  Spencer  (1973,  1974). 

Sabrosky  (1974)  described  a dipteran  stenniner  fSugourax  iitigena: 
Chloropidae)  from  South  America.  Baman  (1974)  investigated  the  growth 
and  assimilation  efficiences  of  an  arctiid  (Diacnsia  Hrginica  which  is 
known  to  feed  on  waterhyacinth.  Silveira-Suido  and  Perkins  (1975)  reported 
on  the  biology  and  host  specificity  of  Connope  aquaticun  (Bruner),  a 
grasshopper  (AcriOidae)  from  Argentina  which  attacks  waterhyacinth. 

DeLoach  (1978)  provided  indentification  and  biological  notes  on  the  genus 
iVeoohecfno  (Coleoptera:  Curculionidae)  that  attack  the  Pontederiaceae  in 
South  America.  Deloach  and  Cordo  (1976)  provided  information  on  the  life 
cycle  and  biology  of  M.  aiohhopnias  and  H,  bruohi,  two  species  which  have 
been  released  for  the  biological  control  of  waterhyacinth  in  the  United 
States.  Warner  (1970)  described  these  two  species, 

Uallwork  (1965)  described  a leaf-boring  galumnoid  mite  (Ort>aqal\ma 
terabrantis!  frcm  Uruguay  which  feeds  on  waterhyacinth  which  has  subse- 
quently been  found  in  the  United  States  (Bennett  1968a).  Perkins  (1973) 
studied  the  biology  and  host  specificity  of  this  species  In  Argentina. 


Cordo  and  OeLoacti  (1975)  investigated  the  ovioositional  specificity 
and  feeding  habits  of  this  mite  also  in  Argentina.  Del  Fosse  et  aX. 
(1975)  determined  the  feeding  mechanism  of  Q.  btinbnmtie  from  the 
Florida  strain. 


Groirth  and  Develofmient 
horoholoav 

Considerable  confusion  arises  from  the  lack  of  imiformity  in 
naming  the  vegetative  structures  of  naterhyacinth.  For  this  reasoui  1 
have  adopted  the  terminology  of  Penfound  and  Earle  (19481.  The  roots  ace_ . 
numerous,  fibrous,  unbranched  and  adventitious  (Couch  1971).  They  vary 
li^lejn  diameter  (ca.  1 rm,  Arnold  1940)  but  may  range  frgfl.S  to  90 
cm  in  length  (Penfound  and  Earle  1948).  The  length  of  the  roots  is 
strongly  correlated  with  leaf  length_and  may  be  correlated  nlth  water 
depth  (Kisra  1969).  The  roots  are  feathery  in  appearance  due  to  the 
presence  of  numerous  secondary  lateral  rootlets  (du  Tolt  1938).  Arnold 
(1940)  found  that  the  origin  of  these  roots  is  unusual  in  that  they 
make  their  first  appearance  in  the  iimnature  pericycle  a short  distance 
from  the  promeristem  and  not,  as  in  most  plants,  in  mature  tissue.  The 
root  is  characterized  by  a distinct  root  cap  which  may  extend  up  to 
2.5  cm  from  the  tip  and  is  attached  only  at  the  tip  (Olive  1894).  The 
rootlets  also  possess  root  caps  (Arnold  1940).  The  beginnings  of  the 
lacunar  system  are  apparent  in  the  roots  approximately  1.5  cm  from  the 
tip  (Olive  1854).  The  roots  constitute  20-501  of  the  plants  hinmass 
(Knipllng  gt  al.  1970  found  it  as  high  as  656).  The  cortex  is  divided 
into  three  zones,  which  consist  of  a layer  of  parenchymatous  tissue  Just 
under  the  epidermis.  pa> tnchymatous  tissue  surrounding  the  stele,  and  a 
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layer  of  lacunate  tissue  1n  between.  The  polyarch  stele  Is  surrounded  by 
a weakly  differentiated  endodertnis  and  pericycle  (Couch  1971).  Limited 
merlstematlc  activity  occurs  at  the  apex  and  the  roots  possess  a distinct 
epidenris  (Sculthorpe  1967).  The  roots  are  known  to  become  embedded  Into 
the  mud  although  they  are  usually  suspended  freely  in  the  water  (Buckman 
and  Co.  1530;  Small  1936;  du  Toit  I93B;  Penfound  and  Earle  1546;  Parsons 
1963}.  The  color  of  the  roots  is  normally  dark  violet  blue  due  to  the 
presence  of  anthocyanin  but  when  growing  In  the  mud  or  in  the  dark  the 
roots  become  white  (Olive  1894;  Penfound  and  Earle  1948).  The  roots  arise 
from  nodes  on  the  rhitone  [Penfound  and  Earle  1948], 

The  rhizome  Is  the  vegetative  stem  of  the  plant  from  which  all  other 
structures  arise  (Penfound  and  Earle  1948).  It  consists  of  an  compact 
axis  with  short  Intemodes  and  the  leaves,  roots,  stolons  and  Inflores- 
cences are  produced  by  the  merist^natlc  nodes  which  have  generally  snail, 
compact  cells.  An  area  with  a considerable  number  of  Intercellular  air 
spaces  exists  around  Che  periphery  of  the  merlsteaatic  tissue  (Couch  1971). 
The  rhizome  is  approximately  955  water  by  weight  and  has  a specific 
gravity  of  0,805  [Penfound  and  Earle  1948).  Olive  (1894)  Indicated  that 
there  was  no  evidence  of  starch  being  stored  within  the  rootstock  (rhizome) 
but  Penfound  and  Earle  (1946)  felt  Chat  Che  rhlznne  was  the  main  organ 
of  starch  storage. 

The  rhizome  nay  produce  long  horizontal  intemodes  (stolons)  which 
produce  new  shoots  at  the  distal  end  which  results  In  a sympodlal  branch- 
ing pattern  (Penfound  and  Earle  1946).  These  stolons  arise  from  axillary 
stem  buds  (Bock  1966).  Aerating  spaces  are  abundant  near  the  periphery 
and  the  collateral  bundles  are  aggregated  1n  the  center  (Qllve  1894). 

The  stolons  are  purple  due  to  the  presence  of  anthocyanin  and  range  1n 
diameter  from  O.S-2.0  cm  an'  ' length  up  to  40  cm  (Hi  ra  1969).  The 
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S[ecif1c  gravity  of  ths  stolon  1s  0.818  and  It  consists  of  about  97% 
water  by  weight  (Penfound  and  Earle  1948). 

The  R)st  interesting  morphological  development  of  Che  waterhyacfnth 
is  its  leaves.  Arber  (1918,  1920)  found  Chat  the  vascular  bundles  in  Che 
petiole  are  arranged  with  the  jylem  oriented  towards  the  periphery.  Those 
in  Che  lamina  may  be  arranged  with  the  xylem  up,  down,  or  oblique.  This 
is  in  contrast  to  plants  with  a true  lamina  which  have  the  vascular 
bundles  arranged  with  the  lylem  towards  the  upper  leaf  surface.  She 
suggests  that  this  indicates  that  the  lamina  is  merely  an  extension  of 
the  apical  end  of  the  phyllode  and  not  homologous  with  the  laminae  of  a 
Dicotyledon.  As  such  it  should  properly  be  called  a pseudolamina  and 
the  basal  portion  a petiole.  The  two  are  connected  by  a narrow  compact 
region  called  the  isthmus  and  the  narrow  base  below  the  float  is  referred 
to  as  the  subfloat.  A membranous  ligule  (•  stipule  of  Agostini  1974) 
is  present  at  the  base  of  the  subfloat  (Penfound  and  Earle  1948}  which 
possesses  a small  reniform  lamina  (Agostini  1974). 

The  petiole  nay  be  more  or  less  inflated  to  form  a bulb-like 
structure  conmonly  assumed  to  function  in  f1oatiaa..tha-iilant  (Parsons 
1963;  McLean  1922;  Chhibbar  and  Singh  1971;  Olive  1894;  Couch  1971). 

This  has  been  contradicted  by  Rao  (1920b)  because  the  bladders  are 
formed  mostly  above  the  water  and  the  leaves  float  with  or  without 
them.  Bock  (1966)  noted,  however.  Chat  the  bases  of  the  Inflated  petioles 
just  beneath  the  water  formed  a stable  platform.  Further,  floating 
single  plants  with  elongate  petioles  were  unable  to  reitmin  upright 
and  if  they  remained  on  their  side  sent  out  new  leaves  with  inflated 


petioles. 


Several  factors  have  been  Inbicateb  as  Important  in  the  development 
of  the  float,  Rao  (1920b)  concluded  that  high  osmotic  pressure  was  the 
Important  factor  although  this  may  be  altered  by  numerous  factors.  The 
lack  of  swelling  itmy  also  be  associated  with  high  plant  density  (LaGarde 
1930),  anchorage  in  soil  (LaSarde  1930;  licLean  1922),  shade  and  high 
temperatures  (LaGarde  1930;  Arber  1920],  Conversely,  bulbous  petioles 
may  be  associated  with  the  free-floating  habit,  full  sunlight,  or  cooler 
temperatures  (LaGarde  1930).  Bock  (1966)  found  she  could  not  correlate 
petiole  shape  with  shading. 

The  buoyancy  of  the  plants  is  largely  due  to  the  presence  of  air 
spaces  in  the  highly  lacunated  aerenchyma  resulting  in  70*  air  by  Ml_ume 
(Couch  1971).  The  specific  gravity  of  the  float  is  0.136  and  of  the 
pseudolamina  is  0.741,  The  floats  are  942  water  by  weight  and  the  pseudo- 
laminae  are  69*  (Penfound  and  Earle  1946).  The  petioles  range  in  size 
from  a few  centimeters  to  as  much  as  1.5  meters  in  the  equitant  form 
(Suckman  and  Co.  1930).  The  angle  between  the  leaves  and  the  water 
surfaces  ranges  from  15  to  45*  around  the  periphery  of  the  rosette  and 
from  75  to  90*  In  the  center  (Penfound  and  Earle  1948). 

The  leaves  not  only.stabilize  the  plant  and  keep  it  afloat  hut-act 
as  sails  which  catch  the  wind  and  move  masses  of  them  over  the  surface 
of  the  water  (HcLean  1522;  du  Tolt  1938).  further,  the  geometric  arrange- 
ment of  the  leaves  Into  a rosette  with  a large  leaf  area  (as  much  as 
6 m^/m^)  and  the  erect  habit  of  individual  leaves  is  eitremely  efficient 
for  light  interception  (Knipling  at  al.  1970), 

The  anatoar^  Of  the  pseudolandna  and  petiole  is  further  discussed 
by  Olive  (1394),  Bock  (1966),  Sculthorpe  (1967),  Arber  (1918,  1920), 
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and  Penfound  and  Earle  (1948).  The  lacunar  system  may  enable  the  plant 
to  utilize  internal  carbon  dioxide  (Billings  and  Godfrey  1957). 

The  inflorescence  Is  displayed  on  a long  peduncle  (Penfound  and 
Earle  194S)  and  is  usually  elevated  a few  centimeters  above  the  leaves 
(du  Toit  193S).  Two  unlike  spathes  subtend  the  Inflorescence  Che  loiaer 
being  leaf-like  and  bearing  a pseuOolamina  and  the  upper  bract-like 
(Cook  1974).  The  inflorescence  is  a spike  (du  Toit  1938;  Buckman  and 
Co.  1930;  Penfound  and  Earle  1948;  Bock  1966)  or  may  be  considered 
spike-like  or  paniculate  (Cook  1974;  Bock  1966).  The  spike  is  15-30  cm 
long  (du  Toit  1938;  nine  and  Parham  1954]  and  conuins  numerous  flowers 
(6-20,  du  Toit  1938:  8,  Parsons  1963;  10-12,  HcLean  1922;  6-12.  Kune  and 
Parham  1954;  4-29,  NIsra  1969]  borne  on  a rachis  with  a flowerless  sub- 
rachis  below  the  inflorescence  and  above  the  spathes  (Penfound  and 
Earle  1948).  The  individual  flowers  consist  of  a hypanthium  about  1.4- 
1.8  cm  long  (Misra  1969),  3 sepals.  3 petals,  6 stamens  and  a tricarpellate 
ovary  (Penfound  and  Earle  1948).  The  petals  and  sepals  are  lavender  in 
color  (Bock  1966]  and  united  at  the  base  to  form  a 6-lobed  tube  (Cook 
1974).  The  color  of  the  flower  is  due  to  the  anthocyanin,  eichomin 
(Shibata  et  at.  1966).  The  tube  is  curved,  glandular  and  pubescent  near 
the  base  (Mune  and  Parham  1954).  The  perianth  is  slightly  irregular  with 
all  3 sepals  and  2 petals  similar  in  size  and  shape  but  the  upper  petal 
is  somewhat  wider  and  bears  a distinctive  yellow  spot  in  the  center 
bordered  by  a darker  blue  or  violet  area  (Bock  1966;  Buckman  and  Co.  1938). 
Buckman  and  Co.  (1930)  inoicate  that  Che  function  of  this  spot  is  obscure 
but  others  have  indicated  that  it  may  function  as  a nectar  guide  to 
visiting  bees  (Sculthorpe  1967).  The  six  stamens  are  arranged  in  two 


nhorls  of  3 stamens  each,  of  two  different  lengths 


adnate  being 


fused  to  the  corolla  tube  at  the  base  of  the  filaments  near  the  sinuses 
of  the  perianth  lobe  (Bach  1966).  The  filaments  are  white  at  the  base, 
purple  at  the  apex,  and  glandular  (Hisra  1969).  The  anthers  are  oblong 
and  attached  near  the  base  (Bock  1966)  and  contain  about  2000  pollen 
grains  each  [Penfound  and  Earle  1948).  The  ovary  is  superior,  sessile, 
trilocular,  contains  mmerous  ovules  in  axile  placentation  (HcLean  1922; 
Bock  1966)  and  conical  in  shape  (Penfound  and  Earle  1948).  The  six 
stigmatic  surfaces,  by  their  close  approximation,  appear  to  be  capitate 
but  they  are  not  (Penfound  and  Earle  1948;  Bock  1966).  The  stigmate 
surface  is  covered  with  numerous  glandular  hairs  (Bock  1966).  The  fruit 
is  a loculicidal  capsule  containing  seeds  with  an  abundant  mealy  endo- 
spem  (HcLean  1922).  Approximately  60  seeds  are  produced  per  capsule 
(Penfound  and  Earle  1948). 

Perennation 

Katerhyacinth  is  generally  considered  to  be  a perennial  by  virtue 
of  Its  rhizome  (Penfound  and  Earle  1948;  Sculthrope  1969).  Penfound  and 
Earle  (1948)  felt  that  the  rhizome  may  maintain  a constant  length  over 
^etdad  of  saxeral  years.  Exact  data  on  hoirTDng  an  individual  rhizome 
may  exist  is  not  available  but  the  plants  are  known  to  survive  periods 
of  freezing  weather  by  resprouting  from  the  rhizome  (Bock  1966). 

Physiolooical  Data 

liost  of  the  appropriate  physiological  data  has  already  been  discussed 
in  scattered  sections  of  this  literature  review  but  it  bears  repeating  In 


more  organized  discussion. 


Many  authors  have  studies  transpiration  rates  and  found  variations 
due  to  such  factors  as  solar  energy,  wind  speed,  temperature,  and  technique. 
Hisra  (1969)  found  thatjiater  loss  through  a waterhyacinth  mat  was  as  high 
as  65.5  fco/m  /da.  This  represented  a water  requirement  of  6.74  kg  of 
water  per  gram  (dry  wgt.)  of  biomass  produced.  The  ratio  of  evapotrans- 
piration  to  open  water  evaporation  (EjrEg)  ranged  from  5.92  to  9.84. 

Knipling  tt  al.  (1970)  measured  the  moisture  content  of  a stream 
of  air  before  and  after  it  had  passed  over  a waterhyacinth  leaf.  They 
found  during  the  day  the  transpiration  rate  increased  from  1520  to  2450 
mg/dm^  (leaf  surface)/hr.  in  response  to  increasing  light  intensities. 

Dark  transpiration  values  were  also  high,  however,  averaging  1430  mg/dm^/hr. 
In  another  experiment  plants  were  grown  in  beakers  in  a variety  of  phos- 
phorus concentrations  and  measured  for  daily  water  loss.  There  was  no 
significant  difference  in  evapotranspiration  between  the  phosphorus  con- 
centrations. The  E.f-£g  ratio,  however,  was  305  g/da:ID0  g/da  or  3:1. 

Dry  matter  production  was  0.27  g/da  indicating  a water  use  efficiency 
ratio  of  1129  gm  HjO/g  plant  dry  wgt. 

Other  average  values  reported  for  the  E.j.;£j  ratio  have  been  3.2 
(Pentbund  and  Earle  1948),  7.8  (in  India:  Holm,  at  al.  1969),  3.7  (Tinner 
and  Weldon  1967),  1.02-1.36  (Bretny  »t  al.  1973),  and  1.46  (Van  der  Heert 
and  Kamerling  1974).  The  latter  authors  have  found  that  973  of  evaporation 
from  waterhyaci nth  covered  situations  is  the  result  of  the  process  of 
evapotranspiration. 

knipling  «t  al.  (1970)  have  also  provided  data  on  respiration  and 
photosynthesis  by  measuring  the  CO2  concentration  in  an  air  stream  passed 
over  a leaf.  Net  photosynthesis  Increased  from  7.8  to  16.1  mg  CO^/dffl^/hr 
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with  light  intensities  increasing  from  14B0  ft-c  to 
averaged  2.7  mg  COj/dnR/hr.  UlUch  and  Anthony  [1973)  hi 
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and  Godfrey  [1967) 
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of  nutrient  uptake  is  proportional  to  the  growth 


fixed.  Billings 
hollow  steiiied  plants  my  use 
and  stem  respiration  in 
: of  waterhyacinth. 

•ked  out  for  this  plant. 

1 N by  weight  (Boyd  1970b] 
lonstant  proportions  the  rate 


If  the  standing  crop  increases  at  a rate  of  100  g/da  the  rate  of  uptake 
of  N will  be  2.6  g/da  and  of  P 0.4  g/da.  This  agrees  well  with  the 
results  of  Dunigan  wt  ai.  [1975)  who  found  the  N:P  ratio  of  uptake  rates 
to  be  5-6:1.  The  daily  absorption  rates  from  6 liter  containers  were  2.4 
ppm  N and  0.4  ppm  P in  water  concentrations  of  50  and  100  ppm  N and  P. 

At  concentrations  of  2S0  ppm  N and  P the  daily  uptake  rates  were  3.5  and 
0.7  ppm  respectively.  This  implies  a growth  rate  of  600  and  BIO  mg  dry 
wgt/da.  Kitsch  [1975)  Indicates  that  this  high  ratio  of  K:P  absorption 
indicates  that  nitrogen  is  generally  more  limiting  to  waterhyacinth 
than  phosphorus. 


Phenology 

Data  on  the  seguence  and  timing  of  events  in  the  annual  cycles  of 
waterhyacinth  population  are  scarce.  Penfound  and  Earle  (I94B)  measured 
the  average  length  of  the  largest  leaves  over  one  growing  season.  The 
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iiBjiim®!  was  rtached  in  August  and  the  peHofl  of  naximum  growth  was 
between  Baji  and  August.  They  also  followed  the  flowering  cycle  over  a 
period  of  years  In  Louisiana.  In  the  years  1945-1947  anthesis  began  in 
April.  They  felt  that  a definite  flowering  rhythym  occurs  in  a given 
dolony  of  plants.  Anthesis  is  maxinwin  in  June  and  declines  through 
September  although  this  may  vary  from  colony  to  colony  and  a second 
period  of  flowering  occurs  In  September  and  October  and  continues  through 
November  into  December.  Buckman  and  Co.  (1930)  reported  that  the  plant 
is  supposed  to  bloom  every  two  to  three  months.  In  India  flowering  occurs 

(Sahai  and  Sinha  1970).  A ore-monsoon  flowering  period  (April  and  June) 
has  been  reported  in  India  (Pleterse  1974).  Sahai  and  Sinha  (1970) 
further  found  that  biomass  accumulation  was  highest  in  January  and 
February,  and  the  area  occupied  (X  cover)  was  greatest  in  February  and 
March  in  India. 

Reproduction 
Floral  Bloloov 

A single  flowering  spike  contains  a variable  nimmber  of  flowers. 

Bock  (1966)  found  the  average  to  range  between  5 and  10  flowers  per 
inflorescence  although  she  indicated  Chat  other  authors  have  observed  up 
to  35  flowers  per  inflorescence.  Small  (1936)  indicated  that  flowering 
occurred  on  a daily  cycle  appearing  as  buds  up  to  7:30  AH  and  opening  by 
3:00  AM.  The  mode  of  pollination  may  be  allogamous  or  autogamous.  Bock 
(1966)  found  that  allogamous  pollination  may  occur  through  the  actions 
of  several  insect  pollinators.  She  listed  Apia  main  fata,  Falietue  (1  sp. ), 
and  Laawflosawi  (2  sp.)  as  known  pollinators  and  syrphid  files  as  possible 
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pollinators.  Penfound  and  Earle  (1948)  observed  Honeybees,  biimblebees, 
black  unidentified  bees,  and  sulfur  butterflies  visiting  tbe  flowers. 

They  described  three  patterns  of  behavior  of  honeybees  in  visiting  the 
flowers;  visiting  distal  anthers  only,  alighting  with  the  head  among  the 
proiimal  anthers  and  the  abdomen  on  the  stigma,  and  visiting  the  proximal 
anthers  after  alighting  on  the  banner  petal.  They  questioned  the  import- 
ance of  insect  pollinators  in  accounting  for  the  production  of  seed  in 
this  species.  Bock  (1966)  noted,  however,  that  honeybees  crawl  down  the 
floral  Cube  to  retrieve  the  nectar  and  in  so  doing  receive  pollen  from 
both  sets  of  anthers.  She  observed  a great  deal  of  cross-pollination. 

Autogamous  pollination  occurs  when  the  flower  wilts  and  the  stamens 
are  twisted  against  the  stigma  [Penfound  and  Earle  1948;  Bock  1966;  Tag 
el  Seed  and  Obeid  I97S).  Penfound  and  Earle  (1948)  found  much  more  pollen 
on  the  stigma  after  the  flowers  had  completely  wilted  than  at  any  other 
time  thus  stressing  the  prevalence  of  autogamous  pollination. 

Since  waterhyacinth  flowers  are  at  least  dimorphic  with  regard  to 
style  length  either  legitimate  (styles  pollinated  by  anthers  not  of  equi- 
valent length)  or  illegitimate  (styles  pollinated  by  anthers  not  of  equi- 
valent length)  crosses  are  possible  (Omduff  1966;  Bock  1966;  Frangois 
1964-63).  Both  legitimate  and  illegitimate  crosses  result  in  seed  production 
(Bock  1966).  Frangois  (1964-63)  reported  that  self-incompatibility  was 
stronger  in  long  styled  forms  than  in  short  styled  forms.  Drnduff  (1966) 
studied  the  breeding  system  of  Pontaderia  oordata  and  compared  it  with 
S.  oratHpta.  He  concluded,  as  did  Bock  (1966),  that  both  species  eihibit 
relatively  weak  self-inccmpatabllity. 

An  interesting  aspect  of  the  floral  biology  of  waterhyacinth  Is  the 
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ptienonenon  of  irthokinesis  or  the  betiding  of  the  axis  of  the  Inflorescence 
following  anthesis  (Agharkar  and  9anerJ1  1930i  LaGarde  1930;  HcLean  1932; 
PenfOLind  and  Earle  1948;  Bock  1966;  Kisra  1969).  LaGarde  (1930)  described 
this  process  as  follows: 

■As  soon  as  the  inflorescence  starts  wilting  the  upper  portion  of 
the  stalk  with  the  fertilized  blossoms  begins  to  bend  downward.  When 
this  upper  part  has  reached  the  surface  of  the  water,  usually  after  five 
days,  the  lower  portion  of  the  stalk  coimences  to  bend  at  the  base,  thus 
pushing  the  developing  seed-pods  under  Che  surface  of  the  water.  This 
movement  stops  when  the  lower  part  of  the  stalk  Is  level  with  the  surface. 
The  upper  part  carrying  the  seed  pods  is  then  sutxnerged  in  the  water  at 
an  angle  of  46°,  the  seed  pods  being  covered  and  protected  by  the  root 
system  . . , The  whole  process  of  bending  requires  from  six  to  seven  days.*' 
(LaGarde  1930,  p.  61). 

Agharkar  and  Banerji  (1930)  quoted  other  workers  who  indicated 
that  anthokinesis  was  accompanied  by  a lengthening  of  the  peduncle.  They 
found,  however,  that  the  peduncle  did  not  lengthen  considerably  and  such 
lengthening  was  confined  to  an  area  of  1 to  2 cm  below  Che  terminal  node. 
They  further  found  that  removal  of  the  flowers  or  amputation  of  the  peduncle 
above  the  node  had  no  effect  and  curvature  was  normal.  This  was  also  true 
when  they  removed  the  peduncle  and  placed  it  in  water. 

Penfound  and  Earle  (1948)  studied  that  anthokinetic  cycle  and  their 
results  agree  with  other  workers.  They  found  that  it  requires  about  14 
days  from  tbe  initiation  of  the  floral  bud  until  opening  occurs.  Floral 
opening  begins  about  8:00  A»,  if  all  the  flowers  open  the  bending  phase 
begins  at  about  9:00  PH  of  the  same  day.  Bending  occurs  in  three  places: 
at  the  rhizome  crown,  j.i'  ' .elow  the  two  brad',  of  the  inflorescence, 


and  in  the  rachis.  Host  of  the  flowers  are  inverteil  by  5:M  PH  the 
following  Oay.  The  coaiplete  cycle  from  flowering  to  complete  geniculatlon 
takes  48  hours  1n  the  suimer.  This  is  contrary  to  LaGarde's  (1930] 
finding  that  it  takes  6 or  7 days.  Bock  (1966).  in  her  studies,  agreed 
with  Penfound  and  Earle  (1948). 

Bock  (1966)  seemed  to  concur  with  the  findings  of  Rao  (1920a)  in 
that  the  bending  was  due  to  geotropism  in  that  when  the  roots  were  packed 
with  sponges  and  the  plants  held  horizontally,  no  bending  occurred.  She 
disagreed  with  Agharkar  and  Banerji  (1930)  in  that  removal  of  the  flowers 
would  not  permit  bending  to  occur  unless  all  of  the  flowers  had  wilted 
and  bending  had  conoenced  first. 

Misra  (1969)  found  that  curvature  took  place  when  the  tips  along 
with  2 terminal  flowers  were  removed,  when  all  of  the  flower  buds  were 
removed,  and  when  all  of  the  flowers  were  removed  after  they  had  opened. 

In  all  cases  complete  bending  took  as  long  as  in  the  controls  (35-40  hrs,]. 
He  found  that  this  curvature  was  due  to  increased  cell  size  along  Che 
outer  edge  of  the  curving  portion.  He  felt  that  this  process  represented 
a free-running  endogenous  rhythm  independent  of  auxins  (geotnopic  in 
nature),  photoperiod,  temperature,  and  opening  of  the  Inst  flower  as 
suggested  by  other  authors. 

Spermatogenesis  has  been  described  by  Smith  (1898)  and  Banerji  and 
Gamgulee  (1937)  and  oogenesis  by  Smith  (IB98).  Pollen  morphology  and 
gemination  and  development  of  the  pollen  tube  have  been  investigated 
by  Banerji  and  Sangulee  (1937),  Bock  (1966)  and  Tag  el  Seed  and  OOeid 
(1975).  The  embryology  of  the  seed  is  discussed  by  Smith  (1898),  Coker 
(1907),  and  Swamy  (1966). 
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Sged  Prt>dtfctlon  and  Dispersal 

Ths  iagree  of  seed  set  seens  to  be  extremely  variable.  Agharkar 
and  Banerji  (1930)  found  that  10  hours  after  anthesis  through  natural 
pollination  (autogamous  or  aHoganous  not  distinguished)  351  of  the 
flowers  were  fertillted  (301  with  actively  growing  pollan  tubes  and 
another  151  with  pollen  grains  present).  Through  artificial  pollination, 
up  to  71.31  of  the  fertilized  flowers  set  fruit.  McLean  (1927)  in  Bengal 
found  that  only  1%  of  the  flowers  set  any  seed.  Haigh  (1936)  found  in 
Ceylon  that  35  to  711  of  the  capsules  produced  nay  be  enpty.  Backer  (1951) 
found  no  seed  set  in  Java  and  Misra  (1969)  found  up  to  481  of  Che  fruits 
bear  seed  in  India. 

The  conditions  tor  seed  set  have  been  investigated  but  the  results 
are  confusing,  farija  (1934)  Indicated  that  temperatures  between  24’C 
and  29'C  were  necessary.  Agharkar  and  Banerji  (1930)  felt  that  relative 
humidities  above  901  were  required.  Bock  (1966)  found  that  seed  was  set 
when  the  relative  humidity  was  never  greater  than  721.  Haigh  (1936) 
found  the  nimber  of  seeds  per  inflorescence  to  he  86,  28,  and  91  when 
the  relative  himildity  was  91K.  701,  and  671  respectively.  Tag  el  Seed 
and  Obeid  (1975)  concluded  that  seed  set  was  favored  if  pollination 
occurred  iimediately  after  the  flowers  opened.  Thereafter,  successful 
pollination  was  hindered  by  high  temperature  and  low  humidity  which 
affected  the  stickiness  and  receptivity  of  the  stigma. 

Data  on  the  quantity  of  seeds  set  per  fruit  or  inflorescence  also 
Indicate  a great  deal  of  variability.  Haigh  (1936)  artificially  pollinated 
flowers  and  found  an  average  of  24  seeds/capsule  with  a maximum  of  72. 

Bock  (1966)  reported  Che  average  in  California  to  be  4.2  with  a range  of 


the  average  may 


I.  Robertson 


1'16.  Hisra  {1969]  indicated  that 
and  Thein  (1932)  found  5Q>150  seeds/capsuie  in  Burma.  Zeiger  (1962) 
reported  3-25D,  and  Francois  (1964-3]  reported  an  average  of  163.6  with 
a maiiiiuii  of  244.  Tag  el  seed  (1972)  reported  an  average  of  98.95  with 
a range  of  5 to  542. 

The  number  of  seeds  per  inflorescence  depends  upon  the  number  of 
flowers  per  inflorescence  and  the  number  of  seeds  per  flower.  Bock  (1966) 
indicates  that  the  average  number  of  seeds  per  inflorescence  is  3.44  in 
California.  Tag  el  Seed  and  Obeid  (1975)  reported  1.5  capsules  per 
inflorescence.  Using  the  data  from  Tag  el  Seed  (1972)  for  the  average 
number  of  seeds  per  capsule  (98.95)  this  expands  to  148  seeds  per  inflor- 
escence. Matthews  (1967)  indicated  that  a single  spike  may  produce  6000 
to  6000  seeds.  2eiger  (1962)  estimates  that  46  million  seeds  may  be 
produced  per  acre  by  medium  sized  plants.  Penfound  and  Earle  (194B) 
estimated  a crop  of  900,000  capsules/acre. 

The  mode  of  seed  dispersal  has  not  been  studied  to  any  extent. 

It  seems  apparent  that  since  the  seeds  are  deposited  in  the  water  the 
prinmry  mode  of  dispersal  would  be  through  drifting.  A few  authors  have 
indicated  that  birds  and  fur  bearing  animals  may  disperse  seeds  (Maiden 
at  aZ.  1906;  Holm  at  at.  1969;  6ay  1960). 

Viability  of  Seeds  and  Germination 

Conditions  fon  germination  of  waterhyacinth  seeds  have  been 
studied  by  many  workers.  Crocker  (1907)  refuted  the  idee  of  earlier 
workers  that  desiccation  of  the  seeds  is  a necessary  prerequisite  to 
germination.  He  further  found  that  green  seeds  kept  at  23°C  germinated 
(20t  within  1 week)  while  seeds  kept  at 


6°C  did  not,  although  they 


germinate  when 


ripen.  Seeds  with  mature  coats  failed  to 
23*C  or  29-0-  He  then  separated  the  embryo  from  ripe  seeds  or  ruptured 
the  seed  coaU  and  placed  them  in  a bath  at  29*C.  He  noted  that  gemi- 
nation occurred  very  rapidly  In  both  cases  (96%  after  1 day).  He  ruled 
out  oxygen  as  a factor  because  they  germinated  equally  well  in  boiled 
water  covered  with  paraffin.  He  concluded  that  the  hard  seed  coat  and 
endospem  hinders  water  absorption  and  limits  germination  and  that 
desiccation  may.  in  fact,  fracture  the  seed  coat  and  prcunote  germination. 

Agharkar  and  Banerji  [1930]  indicated  that  a ripening  peniod  of 
20  to  23  days  was  reouired  for  maturation  of  the  fruit.  After  maturation 
they  are  severed  from  the  axis  by  an  abscission  layer  and  float  on  the 
water  surface  for  a day  or  two  before  sinking.  Splits  develop  on  the 
lateral  walls  through  which  seeds  are  discharged.  They  found  that  the 
seeds  develop  freely  in  tap  or  distilled  water. 

Parija  (1930)  suggests  that  germination  takes  place  *'in  the 
beginning  of  rains  or  whenever  the  humidity,  soil  moisture  and  temperature 
are  suitable."  (Parija  1930,  p.  3B8).  He  felt  that  Che  function  of  the  rain 
was  to  provide  moisture,  and  expose  the  seeds  in  the  mud  providing  access  to 

Robertson  and  Thein  (1932)  noted  that  in  every  instance  when  they  had 
found  waterhyucinth  seedlings  it  was  in  a depression  which  completely  dries 
Put  during  the  dry  season  and  floods  again  in  the  rainy  season.  They  concluded 
that  a period  uf  drought  alternating  with  a period  of  plentiful  moisture  was 
necessary  for  germination. 

Haigh  (1936)  exposed  seeds  to  varying  treatments  of  always  wet. 
always  dry,  or  al'vmately  wet  and  dry.  No  germination  occurred  for  three 
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hdd  begun.  They  further  fuund  thet  drying,  bubbling  air  in  the  water, 
and  the  addition  of  rotting  waterhyacinth  fragments  would  not  promote 
gemination  when  kept  in  the  lahoratory.  To  determine  if  heat  or  exposure 
to  an  intense  light  was  the  important  factor  they  exposed  seeds  to  a 
normal  light  bulb  and  to  a blackened  light  bulb.  Germination  occurred 
only  in  the  illuminated  treatment.  They  concluded  that  bright  sun  1$ 
necessary  for  gemination  and  that  heat.  In  conjunction  with  high  light 
intensity  may  also  be  required,  Haigh  (194G)  later  found  Chat  if  disic- 
cation  is  prolonged  for  a long  enough  period  light  is  not  necessary. 

Ne  found  that  seeds  collected  in  June  193S  would  geminate  in  the  labor- 
atory as  late  as  January  1937  (19  months). 

Penfound  and  Earle  (1946)  concur  with  Haigh  In  his  findings,  They 
found  that  seed  gemination  would  occur  on  upturned  plants  indicating 
that  either  drying  or  Increased  light  intensity  was  favorable  for  gemin- 
ation. They  also  concluded  that  scarification  aided  germination. 

Hitchcock  at  al  (1949)  indicated  that  an  after-ripening  period  of 
about  2 months  was  necessary  for  germination  and  under  ideal  conditions 
iOQX  germination  was  possible.  Dry  seeds,  however,  required  twice  as 
long  (111-112  days)  to  geminate  as  seeds  stored  wet  (64-67  days).  They 
also  found  that  relatively  high  water  temperature  (2S-36°C)  favored  ger- 
mination but  the  seeds  could  survive  very  cold  Ceigieratures.  When  stored 
for  69  days  at  temperatures  of  -5,  0.5,  6,  ID,  and  22°C  and  then  placed  in 
normal  air  temperatures  germination  occurred  in  every  case  except  the  -S*C 
treatment.  When  exposed  for  only  1 week  even  the  -5”C  treatment  gave  50* 
germi nation. 

Hitchcock  at  al.  (19S0)  investigated  the  effects  of  water  depth  on 
seed  germination.  At  water  depths  of  2.5,  10.2,  20.3,  30.5,  and  40.6  cm 
they  obtained  40,  50,  72,  72,  .,  ’ 'ilj  germination  respi.  tively.  They 
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feU  that  the  difference  was  due  to  longer  heat  retention  in  the  deeper 
Mater  at  night.  Under  IS, 2 cn  of  water  in  a brown  glass  bottle  only  281 
germination  was  observed. 

Barton  and  Hotchkiss  (1951]  also  studied  the  effects  of  temper- 
ature, light,  and  storage  on  seed  gernnination.  They  concluded  that  a com- 
bination of  high  temperature  and  light  is  needed  for  germination  of  dor- 
mant seeds  although  temperatures  as  low  as  5°C  did  not  impair  germination 
when  in  direct  sunlight  (greenhouse)  and  alternating  temperatures  (5-30°C, 
S-35°C,  and  5-40*’C)  allowed  some  germination  even  in  the  dark.  They  also 
found  that  a storage  period  of  a month  or  longer  hastened  germination 
especially  with  less  mature  seeds. 

Francois  (1964-3)  obtained  good  rates  of  germination  (over  951) 
by  keeping  his  seeds  in  a 12:12  L:D  photoperiod  with  a corresponding 
40’C:20*C  temperature  regimen.  Bock  (1966)  was  convinced  that  seeds  do 
not  germinata  in  California  and  found  that  they  do  not  remain  viable 
there  for  longer  than  2 months.  Sculthorpe  (1967)  reflected  the  findings 
of  other  authors  by  indicating  that  the  seeds  are  able  to  tolerate  a long 
dry  period  and  remain  viable.  Tag  el  Seed  (1972)  investigated  seed  germ- 
ination under  a wide  range  of  chemical  treatments  and  under  low  oxygen 
tension  and  low  redox  potential  as  well  as  many  other  environmental 
conditions.  His  extensive  studies  indicate  that  germination  is  stinj- 
lated  by  low  redox  potential  and  low  oxygen  tension  expecially  after  wet 
storage,  germination  is  most  likely  to  occur  in  water  wanned  by  intense 
light,  the  addition  of  organic  matter  to  the  substrate  stimulates  germ- 
ination, the  seeds  will  only  germinate  at  the  surface  of  the  substrate, 
and  aeration  has  no  significant  effect  on  germination. 
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The  groirth  and  developiwnt  of  the  seedlings  have  been 
by  Parlja  (1930),  Robertson  and  Thein  (1932).  Heigh  (1936),  and  Penfoiind 
and  Earle  (1948).  Several  authors  have  indicated  that  a water  saturated 
medium  is  necessary  for  seedling  survival  (Hitchcock  st  al.  1949;  Parija 
1930;  Ha1gh  1936)  but  forced  inmerslon  In  water  retards  growth  or  kills 
the  seedling  (Parlja  1930;  Hitchcock  et  al.  1949).  Penfoond  and  Earle 
(1948)  and  Hitchcock  *t  al.  (1940)  noted  that  seedlings  would  grow  on 
waterhyacinth  flotant  and  Pettet  (1964)  found  then  growing  on  the  shore 
in  "strand-lines"  created  by  dead  waterhyacinths.  Hitchcock  *t  al.  (1950) 
noted  that  in  nature  factors  which  prevent  young  seedlings  from  surviving 
nay  be  more  Important  than  factors  which  permit  seed  germination. 

Vecetative  Reproduction 

Even  though  seed  production  by  waterhyacinth  may  be  massive,  the 
primary  mode  Of  reproduction  is  through  vegetative  propagation  (Hitchcock 
at  al.  1950).  This  occurs  through  the  production  of  offsets,  or  suckers, 
produced  on  stolons  (Penfound  and  Earle  1948).  Hitchcock  et  al.  (1950) 
found  that  offset  production  begins  about  60  days  after  the  plant  germinates 
when  the  rosette  attains  a diameter  of  7.6  to  10.2  cm.  Penfound  and  Eanie 
(1948)  found  that  a mat  extends  its  boundaries  at  a rate  of  3 feet  per 
month  through  vegetative  reproduction  under  favorable  conditions  and  the 
plants  double  their  mntiers  every  two  weeks.  Bock  (1966,  1969)  and 
Perkins  (1972)  have  reviewed  the  literature  dealing  with  the  rates  of 
offset  production  in  different  locations  and  situations. 

Productivity  and  Standina  Crop 

Many  authors  have  dealt  with  waterhyacinth  productivity  In  one 


fonii  or  inother.  Bock  (1966,  1969)  has  done  perhaps  the  most  comprehen- 
sive study  on  productivity  Put  she  dealt  tiith  fresh  weight  and  increment 
factors  luking  comparisons  with  her  data  difficult.  She  also  reviewed 
most  of  the  literature  on  the  subject  and  compared  it  to  her  data.  Table  1 
gives  an  updated  coivilation  of  various  measures  of  standing  crop  and 
productivity  of  waterhyacinth  from  various  sources. 

Control 

The  literature  dealing  with  the  various  means  of  control  is  vol- 
uminous and  1 won't  attempt  to  review  it  here.  The  Hyacinth  Control 
Journal  has  been  published  annually  since  1962  and  is  largely  devoted 
to  this  subject.  Furthermore,  the  various  control  methods  have  recently 
been  reviewed.  Robson  (1979)  has  reviewed  the  methods  for  mechanical 
control  of  aquatic  weeds  and  Blackburn  (1974)  has  reviewed  chemical 
control  and  the  various  compounds  available  in  a recent  UhESCO  publication. 
In  the  same  pubiication  Bennett  (1974)  reviewed  the  biological  control 
of  aquatic  weeds.  Biological  control  has  also  been  reviewed  by  Andres 
and  Bennett  (1975)  and  the  use  of  plant  pathogens  in  biological  con- 
trol efforts  by  Zettler  and  Freeman  (1972),  Freeman  at  al.  (1974)  and 
Charudattan  (1975).  Nitcheli  (1974)  suimarized  techniques  for  the  con- 
trol of  aquatic  weeds  through  habitat  management.  ScuUhorpe  (1967) 
also  discussed  the  various  methods  of  aquatic  weed  control. 
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Udiker  (1864)  describes  three  genera  end  three  species  of  moths  In 
two  fdmilles  which  ere  now  known  to  be  closely  related,  These  were 
Sdem  obliqua  (hotodontidde) , Betlum  gortynoidsB  (Notodontidae) , and 
draoma  dmsa  (GorCynidae) . His  description  of  the  latter  genus  and 
species  follows: 

Hale.  Body  stout.  Head  with  thick-set  porrect  hairs.  Proboscis 
short,  slender.  Palpi  stout,  porrect,  pilose,  not  extending 
beyond  the  hairs  of  the  headi  third  joint  extremely  small, 
not  more  than  one-tenth  the  length  of  the  second.  Antennae 
moderately  pectinated,  rather  short.  Abdomen  extending  much 
beyond  the  hind  wings,  tapering  cowards  the  tip,  which  has  a 
very  small  tuft.  Legs  stout,  rather  short;  hind  tibiae  with 
a short  fringe;  spurs  long,  stout,  liings  rather  short  and 
narrow.  Fore  wings  acute;  exterior  border  almost  straight, 
hardly  oblique;  second  Inferior  vein  almost  as  near  to  Che 
third  as  to  the  first;  fourth  not  very  remote  from  the  third. 

Hale.  Reddish.  Underside,  abdomen  and  hind  wings  reddish  cinereous. 
Fore  wings  with  an  oblique  very  broad  brownish  band,  which 
contains  the  orbicular  and  renifonn  marks;  the  latter  arc  red, 
oblique,  and  narrow;  a sutsnarginal  brown-bordered  slightly 
dentate  band,  which  Is  rather  brighter  than  the  ground  hue. 

Hind  wings  beneath  with  a round  brown  spot  In  Che  disk,  and 
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with  a slight  exterior  brownish  bend.  Length  of  the  body 
9 lines;  of  the  wings  16  lines. 

Grote  end  Robinson  (1668)  described  e second  species  of  Artma, 

A.  obliquata.  They  compered  this  to  Welker's  type  of  A.  dansa  in  the 
British  Museon  end  found  they  differed  in  the  larger  size  of  4.  obliquata 
and  different  coloration.  They  apparently  failed  to  compere  it  with 
Bdam  oMsgua.  however, 

Herrich-Shaeffer  (1868:  Cited  from  Zoo-  Record)  provided  generic 
and  specific  characters  in  foil  for  4.  denaa  from  Cuba. 

Grote  (1873)  described  another  species  of  dram,  4.  oulnifiea, 
which  differed  from  4.  denta  Wlk.  and  4.  obliquata  G.  8 R.  primarily  by 
Its  dusky  yellow  color.  He  also  noted  that  it  was  less  robust  than  4. 
obtCguatn  with  the  anterior  wings  more  rounded  posteriorly.  Grote  (1874) 
in  his  11st  of  the  Noctuidae  of  North  Anmrica  listed  only  these  three 
species  but  in  1878  [1879]  described  a fourth  species.  A.  difflaa  from 
Haihe.  Gundlach  (1881)  redescribed  4racma  denaa  Hlk.  from  specimens 
collected  In  Cuba.  A fifth  species.  4.  mslancpyga,  was  subsequently 
described  by  Grote  in  1881  (in  Comstock  1881)  from  Florida.  He  pointed 
out  characters  which  separate  4.  diffusa^  A.  xmlnifiaag  4.  malmnopyga. 
and  Sphida  obliquata  (apparently  a recombination  for  4,  obliquata  G.  & R.). 
He  noted  that  characters  of  the  cTypeus  are  of  value  In  separating  these 
two  genera.  In  1882  Grote  synonymiaed  Edam  obliqua  Nik.  with  Sphida 
obliquata  G.  6 R,  These  five  species  were  listed  together  in  the  sub- 
family ‘icKminaa  by  Grote  1883  who  noted  that  the  species  with  the  black 
anal  tuft  taslaiuipjigal  is  probably  a variety  of  aulnifioa.  Riley  (1885) 

obliquata  8,  & R.  was  synonymous  with  4.  denaa  Nik, 
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In  I8B9  Grate  placed  these  species  in  the  tribe  Arzamini  which 
included  Areora  and  Spkuiai  Che  former  supposedly  having  a smooth  front 
and  the  latter  a tuberculate  front.  Ke  considered  ArsonKi  as  consisting 
of  three  species,  apparently  after  having  considered  A.  nvUmapnga  to  be 
a variety  of  A.  mlnifiaa.  This  was  also  how  the  group  was  arranged  in 
his  checklist  of  1890. 

Smith  (1893)  decided  that  Walker's  SeiZura  and  AeOTia  were  congeners 
and  that  Ballura  had  page  priority.  Ke  considered  A.  danaa  WIk.,  A. 
vulnifloa  Grt..  and  A.  mUmopyga  Grt.  synonyms  of  B,  goftyneidao  W1k. 

He  recombined  Aruma  diffusa  Grt.  into  S.  diffusa  (Srt.).  £dma  ohli<pia 
WIk. , Sphida  obliquata  (G.  G A.  ] and  Aramd  obliquata  G.  & 8.  were 
considered  synonyms  of  Bsllura  obliqua  (WIk.).  Thus,  the  seven  species 
were  reduced  to  three,  all  In  Bsllura  WIk. 

Beuterenul ler  (1903)  redescribed  5.  abliqua  (WIk.)  and  8.  gopCynoidss 
WIk.  but  he  also  recognized  8.  rsslanopyga.  AI1  three  were  found  in  New 
York.  Holland  (1903)  considered  B.  dsnsa  (H1k,),  B.  uulnifisa  (Grt.), 
and  B.  mslanapyga  to  be  synonyms  of  B.  gortynoidss  WIk.  as  did  Smith 
(1893)  but  recognized  the  genus  Sphida  and  considered  S.  obliquata  (G.  i 
a synonym  of  s.  obliqua  (HIk.).  Hampson  (1910)  recognized  the  genera 
Sphida  , by  the  single  species  S.  obliquot  and  Bsllura.  He  considered 
A.  dsnsa  Hlk.  and  A.  euZnifiea  Grt.  synonyms  of  B,  gartynoidasj  and 
retained  B.  nslanopyga  and  B.  diffusa.  He  also  presented  a key  for 
separating  the  three  Bsllura  spp. 

Dyar  (1913)  revised  the  genus  Sphida^  described  three  new  species, 
and  he  provided  a key.  He  retained  s.  obliqua  (W1k.)  and  considered 
S.  obliqua  WIk.  and  A.  obliquata  G.  i R.  synonyms-  The  new  species 
described  were  3.  osoogsnss  from  Washington,  0.  C..  S.  anoa  from  Miami, 


S.  yargantua  from  California. 


also  included  s.  pleoitigm  Dyar 


and  Indicated  that  the  description  of  this  species  was  in  a forthcoming 

Barnes  and  HcDunnough  (1914)  considered  Sphida  Srt.  synonymous  with 

of  arsons.  They  synonymlzed  5.  eeacgenes  Dyar  with  A.  dtnao  W1k.  but 
made  no  mention  of  S.  plmtigm  Dyar.  They  considered  A.  dmaa  MU. 
distinct  from  B.  yortyBoidae  WIk.  by  virtue  Of  a frontal  protuberance. 

Later  they  described  another  species  of  arsow  from  New  Jersey  and  named 
it  a.  bralmi  in  honor  of  Its  discoverer  (Barnes  and  McOunnough  1916). 

Grossbeck  (1917)  in  a list  of  the  insects  of  Florida  recognized 
B.  goFtynoidaa  Mik.,  B.  meUmppyga  Drt.,  5.  obli<pai  HU.,  and  5.  ama 
Dyar,  Barnes  and  HcDunnough  (1917),  apparently  having  identified  s.  obligua 
for  Brossbeck,  noted  that  they  made  their  deCeminatlon  before  the  pub- 
lication of  Dyar's  S.  moa  and  Indicated  that  the  specimens  they  identified 
were  probably  S.  ama  Dyar.  This  Is  confusing,  however,  because  here 
they  are  recognizing  S,  obliqua  HU.  which  they  had  earlier  combined  with 

Dyar  (1922)  re-evaluated  the  status  of  the  genera  drsoma  and  Bellura. 
He  noted  that  Hampson  (1910)  placed  A.  danm  HU.  as  a synonym  of  s, 
goFtynoidas  on  the  assienptlon  that  both  have  a smooth  clypeus.  He  also 
noted  that  Barnes  and  HcDunnough  (1914)  found  chat  the  type  specimen  of 
A.  denea HIk.  did  have  a tubercle  on  the  clypeus  and  resurrected  the  genus 
driiano  making  Sphdda  a synonym  of  It  but  considered  S.  goFtynoidat  HU. 
distinct.  Dyar  examined  several  specimens  identified  as  8.  garcymidaa 
Hik.  and  found  that  they  all  had  tubercles  on  the  clypeus  and  suspected 
that  HaUer's  types  would  also.  He  felt  this  would  probably  synonymize 
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spggescdd  that  A.  diffun  be  the  type  species  and  .4.  melanoptj$a  be 
Included  in  the  genus,  tie  also  described  Arama  aatcnaaneneia,  a new 
species  from  Cuba. 

Seitz  (1923)  again  considered  all  of  these  species  in  the  genus 
BetZura  WU.  The  species  I isted  .ere  s.  obiiguo  (MU. ) . a.  do»o(WU.) 

(Syar),  a.  plaoatigna  (Dyar),  fi.  gortynoidaa  HU.  (=  uuZnv/i«K2  Grt.), 

B,  naUmcpyga  (Grt.)*  and  B.  diffusa  (Grt.).  He  noted  that  B.  pallida 
B.  5 BenJ.  and  8.  brshvi  B.  & HcD.  are  probably  races  of  B.  obliqua 
(HU.)  but  nay  be  distinct  species. 

Comstock  (193S)  discusses  this  group  of  insects  in  his  introductory 
entomology  text.  He  noted  that  the  genus  BsZZura  contained  three  North 
American  species.  B.  malanopyga,  B.  diffusa,  and  fl.  po'stynoidss.  He 
also  recognized  the  genus  Arsasa  and  listed  4.  abliqua  as  "our  most 
conKin  species".  Ke  included  these  species  in  Che  subfamily  ApaCelinae. 

Jones  (1951)  listed  the  nacrolepidoptera  of  British  Columbia  and 
included  Araasia  ubliqua  (HU.)  and  Ballusa  gostynoidae  HU.  He  noted, 

Dyar's  aurMiwpeia  [sic]  with  Benunj  and  considered  B.  uuZnifioa  (Grt.) 
a synonym  of  B.  goptyywides  WU. 

TietZ  (1952)  listed  4ra.ina  obliqua  (WU.)  and  4.  dansa  HU.  from 
Pennsylvania.  He  considered  pallida  B.  5 BenJ.  a race  of  4.  dbliqua 
(HU.),  obliquata  Grt.  a synonym  of  S.  obliqua  (HU.),  and  aaaogsnaa 
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..  by  SrossbKk  (I9!7)  a, 


Table  2 lists  host  plant  records  for  these  species  as  Indicated  in 
various  references.  Because  of  the  continual  chanQes  in  the  taxonomy  of 
the  proup,  however,  these  host  records  are  not  reliable,  For  example, 
Grossbeck  (1917)  listed  iallura  gortynoidn  WIk.  from  HellonvIHe.  Florida, 
as  inldcated  by  Hampson  (1910)  and  implicated  Typha  as  the  host.  Kimball 
(1965),  however.  Indicated  that  the  Mellonville  record  quoted  by  Grossbeck 
(1917)  referred  to  Arama  danaa.  This  creates  uncertainty  since  the  host 
record  was  not  from  Hampson  (1910),  who  synonymlzed  danaa  and  porpynoidaa , 
but  the  geographic  record  was.  Grossbeck  (1917)  apparently  derived  the 
host  record  from  other  sources.  It  Is  therefore  impossible  to  determine 
which  species  Grossbeck's  host  record  refers  to.  To  partially  alleviate 
this  problem  1 have  left  the  records  In  Table  2 with  the  binomial  designated 
by  the  respective  author  Intact  regardless  of  synonyms.  Hhere,  In  my 
opinion,  there  Is  sufficient  agreement  In  the  literature  to  indicate  that 
a name  is  in  synonymy  with  a more  valid  blncvnial,  that  species  designation 
Is  Included  as  a subcategory  under  the  valid  binomial. 

Host  plant  synonymies  also  result  in  a great  deal  of  confusion, 
for  example,  dpmphaea  imeriaam  (Prov.)  Killer  S Standley  listed  as 
a host  of  Ballura  nalanai^a  (Table  2,  Ho.  2c]  Is  listed  by  Muenscher 
(ig67)  as  a synonym  of  Puphar  variegatum  Engelm.  Nymphaaa  adoara  (Table 
2.  No.  2)  is  also  apparently  a synonym  of  Puphar  uta-iagatum  (Fassett 
1969).  I do  not  believe  any  bona  fide  record  exists  of  these  species 
attacking  any  of  the  Pgaiphaca  species. 

PalmbcK  sp.  (Table  2.  No.  Ic)  records  refer  to.  They  may  mean  Pahaabo 
but,  If  this  Is  so,  I doubt  the  veracity  of  the  record.  I also  question 
the  records  for  sp.  (Table  2,  Nos.  la,  Ic)  and  Sparganiim 
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Jn  general  there  seens  to  be  three  famlHes  of  plants  attacked, 
the  Typhaceae,  the  Nymphaeaceae,  the  bontederiaceae.  The  Typhaceae 
are  infested  by  Belluva  (Mik.)  (In  Tjjpha  Uxti^olia  L.  and  ?. 

anffuatifolia  L.)  and  Bellura  gargantua  (Dyar)  (1n  f.  latifolia  L.). 

The  Nymphaeaceae  are  Infested  by  Ballura  goftgnoidti  Hik.  {Buphar 
advgna  Ait.  and  B.  variegatum  Engeln.)  and  fl.  diffUBa  (‘'water  Hly"), 

The  hontederiaceae  are  infested  by  Arsama  danaa  (WIk.)  {Fcnt^eria 
oordata  L.  and  Bichhomia  nmeefpea  (Nart.)  Solms}.  This  supports  Todd's 
(pers.  coma,)  contention  that  possibly  only  three  species  are  involved. 

A fourth  family,  the  Araceae,  is  strongly  implicated  within  the 
host  range  of  this  family.  Guppy's  (194S)  record  (Table  2,  No.  Ic) 
of  Araana  ohliqm  (UaTk.)  from  skunk  cabbage  {Lgouihiion  loBoteohatoendff^ 
t.  otmteehatcer^e  * L.  anarioanuTi  Kelt.  & 51.  John,  see  iiuna  1965]  seems 
to  be  well  founded.  Tietz’s  (1952)  citation  of  Bynploearpus  foetiduB 
1.  (Table  2.  No.  Ic]  probably  refers  to  Guppy's  paper.  Habeck's  (1974) 
record  of  Araana  denaa  WIk.  frcrni  dasheen  {Caloeaaui  aeeulenta  L.  - 
Colocasia  asauZsAte  (L.)  Schotti  Table  2,  No.  4a]  also  seems  substan- 
tiated. These  represent  two  instances  of  the  infestation  of  two 
different  species  of  the  Araceae  from  two  widely  separted  regions 
(British  Columbia,  Guppy  1948  and  Florida,  Habeck  1974)  by  apparently 
two  species  of  tne  BaUun  complex.  Takhtajan  (1969)  indicates 
that  there  is  a dose  affinity  between  the  Liliales  (Pontederiaceae) , 
Arales,  and  Typhales  and  they  a11  are  represented  along  a line  of 
evolution  in  comon  with  the  Nymphaeales. 

Hosher  (1919)  stated  that  Araam  obtigue  has  been  reported  from 
corn.  She  did  not  cite  any  references  to  these  reports,  however,  and  I 
have  nut  been  able  to  substantiate  this  claim.  Because  crop  plants  such 
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ds  ddsheen  and  com  have  been  Impiicated  in  the  host  range 
group  of  insects  a great  deal  of  study  of  host  specificity  is  warranted 
and  the  taxonomic  status  of  the  group  needs  clarification.  I do  not 
doubt  these  records  but  1 am  dubious  of  the  placement  of  species  identified 
from  these  plants.  On  several  occasions  I have  caged  larvae  of  lii-aoma 
dansa  (MU.)  on  both  dasheen  {Calaeasia  aemlanta  Schott)  and  tmthosana 
sp.  and  found  that  they  did  not  feed  upon  then.  Further  studies  are 
severely  needed  to  verify  these  host  records. 

Biology  and  Life  History  of  Artam  dsnea  MU.  anO  Related  Species. 

The  early  literature  on  the  biology  of  these  species  is  sparse  and 
occurs  primarily  as  notes  of  correspondence  in  various  Journals.  The 
first  reference  I have  been  able  to  find  is  that  of  Worthington  (1878). 

He  described  the  larva  of  /Irstrxa  abliquata  (G.  S R.)  and  noted  that  it 
was  found  "under  the  bark  of  a dead  maple  about  three  feet  from  the 
ground,  where  it  had  made  for  itself  an  oval  cavity  in  the  dust".  He 
reared  the  adult  and  found  that  the  pupal  stadium  was  about  21  days 
(April  27  - May  18). 

Comstock  (1881)  described  the  larva  and  aguatic  habits  of  Araana 
weUo^pyoa  Grt.  He  was  the  first  to  take  note  of  Che  large  dorsally 
situated  pair  of  spiracles  on  the  9th  abdominal  segment  which  are 
characteristic  of  the  larvae  of  this  group, 

Riley  (1883a,  b)  described  the  eggs  of  Arzan  dbliquata  G.  8 R, 
(misspelled  hretwie)  as  being  laid  in  "curiously  broadly  convex  or  plano- 
convex masses  enveloped  in  hair,  and  a cream  colored  mucuous  secretion, 
when  confined  look  much  like  spun  silk  on  the  inside,  and  on  the  outside 
like  the  glazed  exudation  of  Orgyia  Imaottigm."  He  also  noted  the 
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large  dorsally  oriented  last  pair  of  spiracles.  He  stated  that  there 
«ere  two  annoal  broods,  the  second  of  which  hibernated  In  stumps  or 
moss  near  the  water, 

Keilicott  (1863a.  b),  however,  felt  sure  that  in  New  York  this 
species  was  single  brooded  ahd  pupated  in  May.  He  also  noted  that  they 
overwinter  1n  the  soil  or  old  wood. 

Riley  (1663a,  b).  in  reply  to  Kellicott's  coaments,  stated  that 
there  could  be  no  doubt  as  to  the  digoneutic  (BdouDle  brooded)  nature 
of  4.  obliquata  at  Hashinton  <D.  C.7). 

Comstock  (1868)  referred  to  the  habits  of  Ai-stmi  (misspelled  4rpimmi) 
that  infest  the  leaves  of  pond  lilies.  He  distinguished  these  from 
truly  aquatic  larvae  in  that  they  "are  obliged  to  come  to  the  surface" 
for  air. 

Brehnie  (1688a)  described  the  eggs,  larva,  and  pupa  of  A.  obliquata 
(S.  S R.].  He  noted  a developmental  period  of  about  15  days  for  the 
eggs  which  were  laid  on  cattail  between  the  iong  leaves.  He  found  the 
larval  period  to  be  161  days  and  the  pupal  period  to  be  16  days  making 
a total  egg  to  adult  span  of  190  days. 

Brehne  (1688a)  also  stated  that  the  larva  returns  to  the  top  of  the 
reed  in  its  later  larva!  stages  and  forms  it  pupa  there.  This  sparked 
a series  of  correspondence  in  the  Canadian  Entonvilogist.  Noffatt  (1668a) 
stated  that  this  was  not  its  invariable  habit  in  nature  and  he  had  found 
the  pupa  beneath  the  bark  of  a decaying  stump  some  distance  away  from 
where  the  cattails  grew.  Brehme  (1688b)  replied  that  this  nay  not  be 
invariable  but  that  the  majority  of  them  pupate  in  the  reed.  He  cited 
a friend  of  his  who  had  found  the  pupa  In  a stump  but  Indicated  that  Che 
larva  had  been  feeding  there  and  wondered  if  that  wasn't  true  in  Moffatt's 


Hoffstt  (1886&)  replied 


there 
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lervee  had  fed  In  Che  stumps  end  that  all  of  the  larvae  and  pupae  they 
collected  were  In  similar  situations,  but  admitted  to  not  having  looked 
in  the  Typha  reeds  for  want  of  a boat. 

Kellicott  (1B89)  referred  back  to  the  coimunicaCions  between  Riley 
and  himself  in  1883  ahd  had  decided  that  they  were  both  right  in  that 
A.  obliquata  G.  8 R.  produces  two  broods  in  Washington  and  one  in  New  York. 
He  also  presented  evidence  confirming  Hoffatt's  contention  they  they 
overwinter  in  stumps  as  larvae,  Srehme  (1869)  later  sent  sections  of 
lyphs  staU  to  Moffatt  with  numerous  burrows  and  two  pupae,  Hoffatt  (1889) 
subsequently  reared  a pair  of  the  moths  from  this  material,  Brehme  (1889) 
felt  that  kellicott  and  Moffett  were  mistaken  in  their  assertion  that  the 
larvae  overwinter  in  stumps  because  the  specimens  he  sent  to  Hoffatt  were 
collected  in  the  winter  below  the  water  in  cattail  reeds  and  some  were 
even  under  Ice.  He  also  disagreed  with  Riley  over  the  clustering  mode  of 
ovipositlon.  He  noted  that  he  had  always  found  eggs  laid  singly  and  felt 
that  if  It  were  otherwise  it  would  be  impossible  for  several  larvae  to 
live  in  one  reed,  Johnston  (I8S9)  agreed  with  Brehme  as  he  had  found 
abundant  larvae  and  pupae  in  cattail  In  the  winter  in  Ontario.  Me  noted, 
however,  that  he  had  also  found  them  on  shore  in  old  wood.  He  proposed 
that  those  on  shore  were  merely  wanderers.  Beutenmuller  (1889)  described 
the  nature  larvae  of  this  species  and  indicated  that  he  had  found  full 
brown  specimens  under  decaying  stumps.  He  later  (Beutenmuller  1902) 
described  the  larva  again  under  the  name  of  Bellura  obli^  (UaU.). 

Nampson  (1910)  reprealed  Comstock’s  (1881)  description  of  the  larva 
of  Arama ’Vlmatitiga  Hr\.  under  the  name  Of  Bellura  aelanapyga  (Grt.). 
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Welch  [1914]  described  the  habits  of  BsHupa  iMUutopyga  (Grote). 

He  described  two  feeding  oeriods,  first  being  the  leaf  feeding  period 
in  which  the  young  larvae  mine  the  leaves  of  Ifymphasa  omertoano  (■JVuphor 
ooriegaBvn).  The  second  stage  is  the  petiole  period  which  occurs  after 
the  larva  locates  the  midrib  or  the  leaf-petiole  junction  and  forms  a 
large  burrow  in  the  petiole.  He  also  experimented  with  other  host  plants. 
He  found  that  in  a starvation  situation  they  would  feed  on  white  water 
Illy,  Caetalia  (=  Si/nipliaaa)  odomta  but  when  given  a choice  preferred  the 
yellow  water  Illy.  Potanogaten  mtana  and  Sagittaeia  sp.  were  never 
attacked.  He  also  discussed  respiration,  locomotion,  and  the  natural 
enemies  of  this  species. 

Ruimel  (1919)  noted  that  cattail  plants  bearing  spikes  were  not 
infested  with  Bellura  obliqm. 

Claassen  (1921)  pulbished  a detailed  account  of  the  insects  associated 
with  Typha.  Included  within  this  was  an  excellent  study  on  the  biology 
of  Arzma  obliqua  (Walk,),  He  found,  in  New  York  that  there  was  only 
one  generation  per  year  and  that  the  full  grown  larva  overwinters  in 
Its  burrow  in  the  plant.  He  described  the  mode  of  oviposition  to  be  in 
masses,  similar  to  the  description  given  by  Riley  (1883a,  b).  He  found 
that  each  mass  contained  3S-60  eggs  and  each  female  produces  ca  22S  eggs 
making  about  6 masses  per  female  possible.  Upon  emergence  the  first 
instar  larvae  enter  the  leaf  directly  from  the  egg  chorion.  They  feed 
within  the  longitudinal  l-shaped  partitions  within  the  leaf  mining 
downward.  At  the  second  molt  they  apparently  beccme  too  large  to  feed 
within  these  partitions  and  emerge  from  the  leaves  and  seek  shelter  behind 
the  sheath  of  one  of  the  outer  leaves.  They  ultimately  disperse,  each 
to  find  its  own  plant,  and  become  solitary  burrowers  in  the  Stem  and 
rhizome.  These.then,  exhibit  two  phases  similar  to  those  of  Welch  (1914) 


although  these 


probably  be  called  the 


mining  phase 


stem  phase  (rather  than  the  petiole  phase),  He  noted  that  the  length 
of  the  pupal  period  averaged  17.6  days  and  described  the  egg,  first 
instar  larva,  full  growl  larva,  pupa,  and  adult  (from  Malker). 

Hobert$on>Hi1ler  (1923)  published  many  observations  on  the  biology 
of  Bellura  goptynoidea  Hlk.  and  fi.  melanopyga  Srt,  Her  Information  did 
not  differ  much  from  that  of  Helch  (1914).  She  described  the  larvae  of 
each  and  indicated  that  they  did  not  appear  to  be  much  different.  She 
described  the  egg  masses  and  Indicated  that  those  of  s.  gortynoidae 
were  deposited  in  flat  mats  of  about  20  eggs  each.  She  noted  that 
sane  of  the  eggs  were  covered  with  silvery  white  threads,  The  masses 
of  B.  mylanopyga  were  similar  to  those  of  B.  gareynaidaa.  She  found  that 
a.  goTtynoidas  may  pupate  In  the  petiole,  in  soil , or  in  wood.  When 
in  the  petiole  the  pupae  of  8.  mlmopyga  was  at  the  top  of  the  burrow 
while  those  of  B.  yoptyvddsa  were  lower  down.  She  also  found  that 
8,  goptynoides  would  feed  of  pickerelweed  {BonCadBria  oopdaCa)  in 
captivity. 

Heedham  et  al.  (1928)  repeated  the  observations  of  Cinassen  (1921) 
on  araono  (*  BeLlura)  obliqua  (UH.)  and  of  Welch  (1914)  on  Bslhtra 
maUmopyga  Grt. 

Comstock  and  Danners  (1944)  described  the  full  grown  larva  and  pupa 


and  previous  authors'  descriptions  of  these  stages  of  SslUm  obUqua  (Wlk.). 

Guppy  (1948)  described  the  habits  of  hraonB  (•BelZunj)  obliqua 
attacking  skunk  cabbage  (Byaiahitcn  kantaobateanae)  on  Vancouver  Island, 

8.  C,  He  also  indicated  that  they  overwintered  under  loose  bark  on 
fallen  logs. 


Dyar.  I see  no  distinction  between  this  description 


Crumb  (19S6)  provided  a key  to  the  larvae  of  the  Aitiphipyrinae,  The 
couplet  separating  .arzizTia  used  the  large  su0-dorsa1  spiracles  on  the  Bth 
abdominal  segment  as  a key  character.  He  also  described  the  larva  of 
Aracmn  cbliqua  (Wlk.). 

Vogel  and  Oliver  published  two  papers  (1969a.  b)  on  arsoma  denaa 
Wlk.  Their  first  paper  was  on  the  potential  of  this  Insect  to  control 
waterhyacinth.  Their  second  paper  was  on  the  life  history  of  A.  danaa. 
They  provided  cursory  descriptions  of  Che  immature  stages  and  determined 
the  developmental  times  of  the  various  stadia.  Much  of  their  data, 
however,  is  from  larvae  reared  on  artificial  media  which  makes  their 
results  subject  to  question.  These  two  papers  will  be  further  discussed 
later  in  this  dissertation. 

Levine  (1974)  found  that  in  Indiana  there  were  two  complete  genera- 
tions per  year  of  Bellura  sortynoidea  Wlk.  (■  8.  uoZni/ioo  Srt.).  He 
found  that  the  first  generation  (spring)  pupates  within  the  petiole  of 
Bufhar  adaam.  The  second  generation  (fall)  larvae  swim  to  shore  and 
overwinter  as  larvae  under  the  bark  of  trees,  in  rotten  wood,  or  in 

Parasites.  Predators,  and  Diseases. 

The  first  record  of  natural  enemies  which  attack  this  group  of 
insects  was  that  of  Welch  (1914)  for  Bellura  maUmopyga  Grt,  He  noted 
that  sunfish  ate  Che  larvae  when  they  were  swimailng  on  the  surface.  He 
also  observed  water  striders  ICaerli  sp.)  attacking  the  larvae  when  they 
were  on  the  surface  of  Che  leaves. 

Claassen  (1921)  found  stuiwrfa  nigrito  Town.  (D1ptera:Tachln1dae) 


parasitizing  the  larvae  of  kraavu  cbliqua  (Wlk.).  Robertson-Mil ler  (1923) 


found  puparla  of  nxsunva  aenilia  associated  with  the  burrows  of  BallxLen 
^rtynoi^  ii1k.  Both  of  these  names  are  probably  synonyms  of  Lj/datla 
podieia  (Town.)  (Stone  at  al.  196S). 

Comstock  (1944)  made  note  of  the  fact  that  he  found  no  parasites 
associated  with  Aratara  porpontua  Oyar  in  Caiifornia. 

In  the  Thoa^ison  catalogue  (1944)  two  parasites  are  listed  from 
4ra»M  obliqm  (HIk.).  The  first  1s  Caromoaio  aanilia  Hg.  which  may  be 
a misidentlficatlon  of  Lydalla  rtidicia  (Town.)*  The  second  Is  Pvnpla 
Tobarator  F.  {a&cariataa)  which  is  an  ichneumonid.  1 question  the 
veracity  of  this  latter  records,  however,  because  the  range  is  listed 
throughout  Europe,  Japan,  and  Guam.  As  far  as  I have  been  abie  to  as- 
certain the  Aramz  ~ Bellura  group  Is  strictly  New  World. 

Vogel  and  Oliver  (1969b)  listed  several  parasites  and  predators  of 
AcoeeKL  denaa  Wlk.  They  Identified  Lydalla  radi&ia  (Town.)  fran  the  larvae, 
lohnaman  n,  $p.  and  Euptapmilua  oirtdaaeana  (Walsh)  (Hymenoptera: 
Pteromaildae)  from  the  pupae,  Telanoaata  aazmae  Riley  (Hymenoptera: 
Scelionidae)  and  AaaaCatua  sp.  (Hymenoptera:  Eupelmidae)  from  the  eggs. 
They  also  found  Colaenayilla  mamlata  De  Geer  larvae  (Coleuptera: 
CoccineHidae)  preying  on  the  eggs  and  young  larvae,  and  Phyllopalpua 
pulahallua  (Uh1er)  (Orthoptera:  Gryllidae)  and  ChUaniaa  puaillua  Say 
(Coleoptera:  Carabidae)  preying  on  the  larvae. 

Levine  (1974)  indicated  that  the  eggs  of  first  and  second  generations 
of  balUira  gortyaoidaa  Walk,  are  also  parasitized  by  Talanoiaua  aracanaa 
Riley  and  the  second  generation  larval  populations  are  parasitized  by 
an  Ichneumonid  and  have  a po1yhedros1s  virus. 


CHAPTER 


THE  RELATIOHSHIP  BETliEEN  THE  PHEKOLOGY  AND  PRODUCTIVIH  OF 
HATEHHYACItfTHS  AND  VARIOUS  PHYSICAL  AND  BIOLOGICAL  FACTORS. 

Ifitraductlon 

Ts  evAuUte  the  effects  of  insects  for  the  hlologicsl  control  of 
weeds,  a Basic  understanding  of  the  ecology  of  Che  plant  is  essential. 

In  realization  of  this  the  Canada  Weed  Comlttee  has  Instituted  a series 
on  the  biology  of  Canadian  weeds  (Cavers  and  Mulligan  1972).  This  is 
an  attempt  to  pull  together  all  the  available  knowledge  on  the  biology 
of  Canadian  needs  that  can  be  used  in  weed  control  efforts.  Within  this 
framework  the  phenology  of  the  plant  (annual  variation),  and  the  response 
of  the  plant  to  limiting  factors  and  damage  by  indigenous  insects  is  of 
special  interest  for  the  evaluation  of  biological  control  attempts. 
Dmission  of  these  considerations  could  result  in  the  misinterpretation 
of  pertinent  data.  For  example,  natural  seasonal  declines  in  the  plant 
population  could  mistakenly  be  attributed  to  Insect  releases  when  the 
insects  are  also  seasonal  if  patterns  of  seasonal  variation  of  Che  plant 
are  not  known.  Also,  releases  of  insects  may  be  more  effective  when 
correlated  with  critical  periods  in  the  annual  cycle  of  the  plant, 
Judgements  for  the  timing  of  these  releases  can  be  made  only  on  the 
basis  of  what  is  known  about  Che  plant. 

Limiting  factors  can  be  defined  as  the  necessary  components  of 
the  organism's  environment  which  are  least  available  and  thereby  con- 
trol the  life  processes  of  the  population.  Liebig  (1S4D)  stated  that  a 
process  is  limited  by  the  guanticy  of  a single  component  present  in 
minimal  amounts  relative  to  Its  optima!  amounts.  Sachs  (1860)  felt  that 


biological  processes  required  a certain  minimal  level  of  a limiting 
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factor  to  Oegfn.  attained  an  optlmoni  at  a certain  level,  and  declined 
as  levels  of  the  limiting  factor  exceeded  naxinjm  tolerable  levels. 

This  Is  parallel  to  Shelford*s  (1913)  '*LaM  of  Tolerance"  where  he 
essentially  states  that  the  failure  of  an  organism  nay  be  due  to  an 
excess  or  deficiency  of  any  one  factor  which  nay  approach  the  maximum 
or  minimurr  limits  of  tolerance  of  the  organism  for  that  factor.  For 
an  aquatic  plant,  such  as  waterhyacinth,  these  limiting  factors  include 
temperature,  light,  water,  dissolved  or  available  nutrients,  space,  etc. 

Phytophagous  insects  probably  cause  a threshold  type  response  in 
the  plants  whereby  the  plant  can  sustain  certain  levels  of  damage  without 
obvious  deterioration  until  maximum  tolerable  limits  are  exceeded.  As 
Insect  damage  exceeds  these  threshold  levels  a rapid  decline  in  the 
populations  or  standing  crop  may  be  evident.  Levels  of  insect  damage 
below  this  threshold  may  cause  various  plant  response.  When  the  popu- 
lation Is  at  steady  state  (the  stable  maximum  level  restricted  by  the 
level  of  a limiting  factor)  insects  may  disrupt  this  stability  causing 
the  plant  population  or  standing  crop  to  fall  below  the  carrying  capacity 
of  the  system.  This  may  have  the  effect  of  reducing  intraspecific  com- 
petition In  the  plant  population.  In  this  case  the  limiting  factors 
wiuld  beceme  increasingly  more  available  and  production  may  indirectly 
be  stimulated.  Hence  yield  may  be  increased  under  low  insect  concen- 
trations where  the  insects  prevent  senescence  of  the  population  by 
increasing  the  rate  of  turnover. 

This  study  was  designed  to  measure  the  effects  of  various  environ- 
mental factors  as  well  as  the  effects  of  a natural  buildup  of  an  indi- 
genous Insect  population  (Aramna  dffnsa)  On  a stand  of  waterhyacinth. 

The  parameters  considered  can  be  grouped  into  climatological  conditions 
(temperature  and  solar  radiation),  limnological  conditions  (nutrients. 


water  quality  and 


level),  intraspecific  conditions  (plant  density. 


canopy  effects,  available  space,  etc.),  and  biotic  stress  (insect  danage)- 
These  will  be  evaluated  witn  possible  interactions  between  them  considered. 

These  concepts,  possible  interactions  and  all  factors  which  control 
the  plant  must  be  considered  and  investigated.  Attempts  to  evaluate  the 

ficlal  knowledge  of  the  target  plant  are  subject  to  erroneous  conclusions 
and  misinterpretation.  Not  only  must  the  plant  and  the  insect  be  studied 
but  the  insect-plant  interrelationships  must  be  established.  This  field 
has  received  increasing  attention  lately  and  may  provide  a basis  for 
future  biological  control  efforts. 


Hethods  And  WaterlaU 


Dulmal  I4atgrh»aclnth  Producttvity 

Materftyaclnths  of  two  distinct  rorpnologlcal  types  from  the  "open" 
side  of  the  catwalk  on  Lake  Alice  were  selected  for  in  situ  metabolism 
studies.  Large  plants,  approximately  90  cm  tall,  with  elongate  petioles 
were  measured  for  CO,  uptake  on  11-12  August  1573.  Small  plants  {<60  cm) 
with  bulbous  petioles  were  measured  on  12-13  August  1973.  A section  of 
the  mat  approximately  0.5  m*  of  each  type  was  placed  under  a chamber 
constructed  of  a PVC  pipe  frame  covered  with  clear  poly-acetate.  The 
base  of  the  chamber  was  71  cm  x 71  an  (ca  0.5  m*). 

Air  was  passed  through  the  chamber  with  a blower  and  duct  system. 

The  duct  entered  the  chamber  at  the  base  on  one  side.  Air  was  supplied 
to  the  blower  intake  through  a tube  opening  approximately  3 m above  the 
water  surface  so  the  CO,  concentration  would  not  be  influenced  by  the 
plants  surrounding  the  chamber.  The  rate  of  air  flow  was  determined 
with  a Hastings  hot  wire  anemometer.  The  air  was  discharged  from  the 
chamber  through  a duct  located  on  top. 

Carbon  dioxide  concentrations  were  monitored  at  the  chamber  air 
Intake  duct  and  at  the  exhaust  duct.  The  air  at  each  location  was  col- 
lected through  tubes  which  extended  toa  Beckman  infra-red  CO,  gas  analyzer. 
Air  flow  was  also  measured  at  the  intake  and  exhaust.  This  enabled  the 
determination  of  the  ppm  C0,/unit  of  air/time  entering  and  leaving  the 
chamber.  The  differential  is  the  amount  of  CO2  produced  or  consumed 
within  the  chamber. 

The  CO2  analyzer  readings  had  to  be  calibrated  against  a standard 
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to  convert  from  a scale  reading  to  ppm  C0|.  The  scale  reading  is  based 
on  a comparison  of  two  gases.  Three  pairs  of  gases  were  compared  through 
the  analyzer.  Ambient  air  vs.  ambient  air  (air  entering  the  chamber]  was 
compared  to  determine  a zero  point.  The  second  comparison  was  chamber 
exhaust  vs.  ambient  air.  This  difference  represented  the  CQ^  gradient 
through  the  chamber  and  was  expressed  as  recorder  scale  division.  The 
value  of  a scale  division  (sd)  is  detemined  according  to  the  level  of 
CO2  in  the  ambient  air  by  the  equation  pp<ti/sd  • ae*”'  where  x is  the  CO; 
concentration  of  the  ambient  air.  The  ambient  air  CO2  concentration 
was  determined  by  a third  comparison.  In  this  case  a standard  was  used 
of  a known  concentration.  The  standard  was  300  PF«i  bottled  gas  and  was 
conpared  against  the  ambient  air.  The  COz  concentration  in  the  ambient 
air  was  determined  by  the  equation  ppm  = ax*  + bx  ♦ c where  x is  the 
recorder  reading.  This  Involves  lowering  the  amplification  of  the  analyzer 
output  by  changing  from  "range  3"  to  "range  1".  The  range  1 equation  is 
calculated  by  running  the  standard  300  ppm  gas  through  the  reference 
side  of  the  analyzer  and  running  other  gases  of  known  concentration  through 
the  sample  side.  The  value  of  the  sample  gas  is  correlated  with  the 
recorder  reading  using  the  parabolic  regression.  Range  3 is  calibrated 
using  various  known  CO^  concentrations  against  a closed  system  aparatus 
with  flow  and  pressure  maintained  constant.  The  closed  system  Is  injected 
with  known  quantities  of  pure  CO2-  An  exponential  regression  is  fitted 
for  the  pptiVsd  against  ppm  CO^  of  the  various  reference  gases  (ambient 
air  in  this  case). 

The  volumetric  COj  concentration  gradient  (ppm  CO2)  Is  converted 
a gravimetric  measurement  (g  C/ra*)  using  the  gas  constant  (0.14625  gm  C-K°/m* 
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atm  ppn  COj).  HNn  multipllwj  by  the  flow  rate  this  expression  yields  the 
rate  of  carbon  aetaboliST  (9  C/hr)  within  the  chamber.  A more  detailed 
explanation  of  this  system  is  piven  by  Carter  ed  at,  (1973). 

Carbon  metabolism  for  each  type  of  plant  was  measured  tor  34  hrs. 
Integration  of  the  resultant  production  curves  yielded  both  gross  primary 
productivity  and  respiration.  Respiration  was  assumed  to  be  constant  both 
day  and  night  and  was  determined  as  the  average  nighttime  value.  Net 
production  consisted  of  that  portion  of  the  curve  above  the  compensation 
point  (where  Rg  • R and  = 0).  solar  radiation  was  measured  with  a 
Weathermeasure  Co.  34-hr.  pyroheliograph  in  the  0.36-2. Sum  range.  Air 
temperature  was  recorded  using  a Yellow  Springs  Instrument  thermistor 
apparatus. 

Following  the  metabolism  measurements  the  plants  were  harvested  to 
obtain  a biomass  estimate.  The  total  sample  was  divided  into  leaves, 
petioles,  roots  (=  roots  t rhizomes  ♦ stolons)  and  detritus  and  the 
various  plant  parts  were  weighed  while  fresh.  A similarly  divided  sub- 
sample  was  taken  and  weighed  before  and  after  drying.  Frcm  this  subsample 
a wet  to  dry  conversion  factor  was  obtained  so  that  the  dry  weight  for 
each  plaht  part  and  the  total  sample  could  be  obtained.  A subsample  of 
the  leaves  [pseudolaminae)  and  petioles  was  pressed  in  a plant  press  and 
dried.  The  outlines  of  the  dried  leaves  were  traced  on  paper  and  the 
area  measured  with  a planimeter.  This  determined  a leaf  area  per  gram 
of  dried  leaf  conversion  factor  and  the  leaf  area  of  the  total  sample 
was  estinuted  from  this.  A similar  procedure  was  employed  with  the 
petioles.  From  this  the  leaf  area  index  (LAI)  was  determilned  vdiich,  in 
this  case,  is  the  total  leaf  area  (leaves  * petioles)  per  square  meter 
as  determined  fron.  only  one  side  of  the  leaf. 


Damage 


Anneal  Cycles  and  Insect 
Estimates  of  various  plant  characteristics,  of  Che  Arsma  danta 
population,  and  of  plant  damage  by  A.  drrua  »ere  taken  on  a weekly  basis 
from  May  197«  to  30  April  1975-  Sampling  was  done  on  a plot  system 
using  a rubber  ring  enclosing  an  inside  area  of  0.316  m^,  The  samples 
were  taken  each  week  in  a pseudo>random  manner.  I have  not  been  able 
to  devise  a satisfactory  system  of  pinpointing  a previously  randomly 
selected  point  on  a mat  of  waterhyacinChs  and  then  finding  that  point 
while  trying  to  maneuver  through  the  dense  stand  of  plants.  To  elim- 
inate Che  additional  variables  of  seasonal  plant  species  composition 
changes  along  the  shoreline  and  different  waterhyacinth  growth  charac- 
teristics only  the  central  area  of  the  lake  was  studied.  The  area  In 
which  samples  were  taken  was  defined  by  the  catwalk  on  the  west  side 
and  extended  25  m to  the  north  and  25  m to  the  south  of  the  centra! 
point  on  the  catwalk.  The  eastern  boundary  was  established  by  a small 
row  of  bushed  50-60  m from  the  catwalk  that  extended  Into  the  lake  frtm 
the  north  shore.  The  study  area,  then,  was  2500-3000  m^  in  tha  central 
more  or  less  homogenous  region  of  the  waterhyacinth  mat  on  the  marsh 
side  of  the  catwalk.  Sampling  points  were  selected  by  throwing  the  ring 
in  a high  arc,  After  it  fell  into  Che  mat  It  was  reached  using  two  Dow 
styrofoam  billets  (3  m X 0.5  m),  one  placed  In  front  of  the  other  sequen- 
tially. This  allowed  me  to  move  (with  some  effort)  over  the  mat  on  the 
water  surface.  Once  the  ring  was  reached  the  billets  were  used  as  plat- 
forms for  counting  and  recording  data. 

The  ring  was  manipulated  down  over  the  waterhyacinths  until  It  was 
on  the  water  surface.  TMs  Involved  making  sul.|.  tive  decisions  as  to 
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wMch  plants  were  Inside  and  which  plants  were  outside  the  sample.  K 
the  crown  was  in  the  ring  the  whole  plant  was  considered  in.  This  was 
still  difficult  to  determine  when  the  crown  straddled  the  edge.  The 
placenent  of  these  plants  was  left  up  to  the  discretion  of  the  sampler. 
This  border  effect  was  probably  the  largest  within  sanple  source  of 
error  in  the  plot  sampling. 

Once  the  ring  was  placed  each  plant  was  withdrawn  and  measured. 

An  offset  was  considered  a separate  plant  only  if  the  root  system  was 
developed.  Measurements  taken  were  the  height  of  the  plant,  based 
on  the  distance  from  the  tip  of  the  longest  leaf  to  the  point  where  it 
attached  to  the  rhizome,  and  the  number  of  leaves  per  plant.  Leaves 
were  counted  only  if  half  or  more  on  the  pseudolamina  was  alive  and 
unfurled.  The  number  of  plants  In  each  plot  was  tallied  to  establish 
plant  density.  Each  plant  was  carefully  dissected  and  damage  by  Aramt 
dtnea  noted.  Damage  was  distinguished  according  to  Che  degree  of  sever- 
ity. Leaf  damage  was  classified  as  to  external  feeding  or  petiole  bores. 
Rhizome  damage  was  classified  as  tip  damage,  rhizome  bore,  or  rhizome 
fragmented,  if  a larva  or  parasite  was  found  it  was  olaced  in  a pill 
vial,  given  an  identifying  number  and  returned  to  the  laboratory.  The 
Insect  data  will  be  discussed  in  a separate  section  of  this  dissertation. 
One  sample  required  3-4  man-hours.  Three  samples  were  taken  each  week. 

Leaf  area  esCirates  were  also  taken  weekly  but  on  a different  day. 
Ten  plants  were  randomly  selected  along  the  catwalk  for  this  measurement. 
The  randomization  procedure  consisted  of  numbering  the  supporting  pilings 
of  the  catwalk  within  the  study  area.  Ten  pilings  were  selected  from 
generated  random  numbers.  At  each  selected  piling  a single  plant  was 


picked.  This  required  a second  randomization.  One  person  involved  in 
the  process  held  a second  generated  random  nuniber  between  1 and  10.  A 
second  person  drew  up  to  ten  plants  out  of  the  water.  When  the  n*"  plant 
(where  n ■ the  random  number)  was  puHed  out  the  first  person  notified 
the  second  and  the  plant  was  placed  in  a plastic  bag  and  returned  to 
the  laboratory. 

Before  measuring  the  leaf  area  the  petioles  and  leaf  blades  (pseudo- 
lamina) were  separated.  The  petioles  were  rolled  out  with  a rolling  pin. 

This  was  necessary  to  compensate  for  the  cylindrical  shape  of  the  petiole. 
The  outline  was  then  traced  on  a piece  of  drawing  paper  and  measured  with 
a planlmeter.  The  leaf  blades  were  pressed  in  a plant  press  and  dried. 

They  were  then  traced  and  measured  the  sane  way.  I found  that  drying 
the  leaves  caused  considerable  shrinkage  and  a dry:fresh  conversion  factor 
had  to  be  employed.  The  formula  for  this  conversion  was: 
leaf  area  (fresh)  = 1.437  X leaf  area  (dry) 

The  conversion  factor  was  determined  by  measuring  one  sample  (51  leaves) 
before  and  after  drying.  Each  week  figures  for  the  average  leaf  (pseudo- 
lamina)  area,  average  petiole  area,  and  average  total  (pseudolamina  * 
petiole)  leaf  area  were  derived.  These  figures  were  multiplied  by  the 
number  of  leaves  per  square  meter  from  the  plot  samples  to  obtain  the 
leaf  or  petiole  area  index.  This  figure  represents  the  leaf  or  petiole 
surface  area  (considering  only  one  side)  per  unit  of  substrate  area  (m^/m’). 

Water  samples  were  taken  along  the  catwalk  at  the  mid-point.  The 
water  was  collected  a few  centimeters  below  the  surface  at  the  level  of 
the  waterhyacinth  roots.  This  level  should  best  reflect  the  conditions 
the  plants  were  being  subjected  to.  The  sampling  station  was  on  the 
downstream  < nf  the  study  area  so  the  tests 


would  reflect  minimum 
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nutr(«nt  levels.  Tm  samples  were  collected  each  week.  One  sample 
was  analyzed  using  a Hath  DR-EL  portable  test  kit  for  total  alkalinity 
(carbonate  * bicarbonate],  total  nitrates  + nitrites.  pH.  total  phosphates, 
and  sulfates  and  a Hach  micro-iron  test  kit  (model  1R-18-A)  for  iron. 

The  second  sample  was  taken  to  the  University  of  Florida  Soils  Laboratory 
where  it  was  analyzed  for  conductivity,  magnesium,  and  potassium. 

The  methods  applied  to  the  water  samples  are  as  follows: 

Alkalinity  (total)  - Titration  of  8rom  Creso!  Green  - Methyl 
Red  indicator  with  0.020  li.  sulfuric  acid  - 10  ml  sample. 

Conductivity  - Platinum  electrode  - ohmieter. 

Iron  • 1,  10  - Phenanthroline  Method  * 25  ml  sample. 

Magnesium  - Atcmiic  absorption  spectrophotoineter. 

Nitrates  and  Nitrites  (total)  - Cadmium  reduction  method  - 
25  ml  sample. 

pH  ' Colorimetric  reading  with  a wide  range  indicator. 

Phosphates  (total)  - Colorimetric  method  - 25  ml  sample. 

Potassium  - Flame  emission  spectrophotometer. 

Sulfate  - Turbidimetric  method. 

The  procedures  employed  In  the  Hach  Test  Kit  are  more  for  convenience 
and  direct  reading  and  are  not  as  accurate  as  other  techniques.  For  my 
purposes  the  loss  in  accuracy  is  outweighed  by  simplicity  of  tbe  proce- 
dures. These  procedures  are  probably  accurate  enough  to  indicate  temporal 
differences  but  are  probably  not  extremely  definitive. 

Maximum  and  minimun  air  and  water  temperatures  were  taken  at  tne 
same  location  as  the  water  samples.  Two  Taylor  (No.  5458)  maximum-minimum 
self  registering  thermometers  were  mounted  on  a C-shaped  styrofoam 


block.  The  water  temperature  thermometer  was  placed  vertically  on  the 
bottom  of  the  block.  The  air  temperature  thermometer  was  placed  vertically 
in  the  concave  side.  The  block  was  mounted  on  a rider  which  slid  over  a 
piece  of  pipe  which  extended  into  the  lake  bottom.  This  allowed  the 
thermometer  to  move  up  or  down  as  the  water  level  changed.  The  bulb  of 
the  underwater  thermometer  was  about  a cm  below  the  surface  and  measured 
the  conditions  the  submersed  plant  portions  were  subjected  to.  The  air 
thermometer  bulb  was  about  30  cm  above  the  water  surface  and  measured 
conditions  under  the  leaf  canopy.  The  concave  side  of  the  block  was 
oriented  towards  the  north  so  as  to  avoid  direct  exposure  to  the  sun. 

The  overhang  on  the  block  also  helped  prevent  this. 

from  a depth  gauge  established  there  previously  by  other  investigators. 

energy  laboratory  at  the  University  of  Florida, 


Site  Description 


Lake  Alice  is  located  in  the  southwest  corner  of  the  University  of 
Florida  campus  in  Gainesville,  Alachua  Co..  Florida  (Topographic  desig- 
nation: Gainesville  East  quadrangle,  TICS,  RISE,  NPc,  REM,  NWs).  The 
lake  was  once  a sinkhole  fed  by  a small  stream  but  darning  off  the  west 
end  In  the  late  1940's  and  later  the  addition  of  effluents  from  the 
campus  sewage  treatment  plant  and  the  heating  plant  resulted  in  its  pre- 
sent configuration  (see  Figure  1).  The  lake  area  is  approximately  33  ha 
and  is  divided  into  a marsh  dominated  by  waterhyacinths  and  an  area  nain- 
tained  by  the  University  as  open  water.  The  marsh  at  the  east  end  com- 
prises approximately  66T  (21  ha)  of  the  lake  surface  and  is  separated 
from  the  open  lake  by  a catwalk  and  fence  constructed  to  retain  the 
waterhyacinths.  The  depth  of  the  marsh  in  generally  less  than  2 meters 
(Cason  1970).  The  -open"  western  end  of  the  lake  covers  about  12  ha 
and  is  also  generally  less  than  2 meters  in  depth  with  a few  areas  of 
about  5 meters,  probably  the  original  sinkholes  (Nitsch  1975).  The 
general  flow  of  the  lake  is  from  the  sewage  plant  and  heating  plant 
effluent  at  the  eastern  end  through  the  marsh  to  the  open  lake  at  the 
western  end  where  it  discharges  through  two  wells  into  the  Florida 
aquifer. 

The  lake  is  situated  on  Ocaia  limestone  which  is  dominated  by  a 
karst  topography.  Solution  sinkholes,  fractures,  and  caverns  are  typical 
of  this  type  of  topography  and  are  common  In  this  area.  Because  of  the 
silt  that  has  accumulated  on  the  bottom,  however,  the  lake  basin  is 
maintained  above  the  local  water  table  (Cason  1970).  The  lake  level  is 
generally  between  68  and  70  feet  above  mean  sea  level-  Figure  2 indi- 
cates the  lake  level  at  the  catwalk  for  the  period  of  this  study. 
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As  mentioned  previously  Leke  Alice  receives  effluent  from  tPe  campus 
sexage  treatment  facility  and  cooling  water  from  the  heating  plant.  The 
nutrient  enriched  water  from  the  former  and  the  warm  water  from  the  lat- 
ter have  probably  contributed  significantly  to  the  eutrophication  of 
this  lake.  Other  sources  include  overflow  from  Hume  Pond,  also  located 
on  the  university  campus,  runoff  from  the  local  watershed,  and  direct 
rainfall.  Discharge  of  thesystemfs  through  the  wells  mentioned  earlier. 
Water  loss  also  occurs  through  surface  evaporation  and  evapotranspir- 
ation.  Hitsch  (1975)  estimated  the  hydrological  budget  for  the  lake  in 
terms  of  flows  and  storage  [see  Table  3).  The  water  storage  at  a stage 
of  69  feet  above  mean  sea  level  is  estimated  to  be  259  x IQf  m^.  Hater 
retention  is  low  due  to  the  high  input-volume  ratio.  Bretonik  at  al.(1969) 
suggests  that  this  may  have  a flushing  effect  causing  low  phytoplankton 
populations  noted  in  the  lake. 

Discharge  through  the  wells  is  regulated  by  valves  and  is  frequently 
altered  by  campus  personnel.  The  water  level  is  often  raised  to  facili- 
tate mechanical  removal  of  the  waterhyacinth.  During  the  hurricane  season 
the  water  level  is  droppeo  to  prevent  flooding.  Fluctuations  are  also 
caused  when  the  discharge  screens  over  the  wells  become  clogged  with 
debris.  Mater  level  appears  to  be  correlated  with  seasonal  precipitation 
patterns  (Fig.  Z)  except  for  the  months  of  December  and  January.  During 
this  time  an  oil  spill  occurred  in  the  canal  from  the  heating  plant  and 
sewage  treatment  facility.  Flows  from  these  two  sources  were  minimized 
so  the  oil  could  be  cleaned  up.  This  resulted  in  a sharp  drop  in  the 
lake  level.  Normal  flow  was  restored  the  first  part  of  February  and  a 
sharp  increase  in  the  lake  level  followed. 


Table  3.  Hydrological  budget  for  Lat 
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Analyses 


Multivariate  analyses  were  performed  on  the  annual  data  In  an  attempt 
to  account  for  observed  variation  in  the  plant  characteristics  in  terms 
of  the  various  environmental  parareters.  A step«ise  regression  procedure 
[SAS  STEPWISE)  was  first  employed  to  determine  which  linear  combination 
of  independent  variables  would  provide  the  best  fit  for  the  actual  data. 

The  dependent  variables  analyzed  were  standing  crop,  plant  height,  plant 
density.  leaf  density,  average  leaves  per  plant,  and  leaf  area  index. 

Each  was  regressed  against  solar  radiation,  minimum  sir  temperature, 
maximum  air  temperature,  minimum  water  temperature,  maximum  water  temp- 
erature. 1 rhizome  damage  by  Araona  isnaa.  % leaf  damage  by  A.  denao,  all 
nine  water  quality  parameters,  and  water  level.  Three  procedures  were  em- 
ployed to  determine  the  best  regression  equation.  These  were  the  forward 
selection  procedure,  the  backward  elimination  procedure,  and  the  stepwise 
procedure-  All  form  linear  models  in  different  ways  (see  SAS  manual.  1972 
for  further  explanation).  Each  provides  an  analysis  of  variance,  regression 
coefficients  and  statistics  of  fit  for  the  model-  In  all  cases  the  step- 
wise procedure  provided  the  most  significant  fits  to  the  data. 

Two  additional  vartaPles  were  entered  which  were  derived  from  other 
variables.  Since  It  was  assumed  that  the  amount  of  light  intercepted  by 
the  plants  would  be  inversely  proportional  to  the  degree  of  self  shading 
the  solar  radiation  variable  was  divided  by  the  leaf  area  index  to  form 
a new  variable.  This  was  entered  into  the  analyses  in  place  of  incident 
solar  radiation  but  it  tailed  to  increase  the  significance  of  any  of  the 
linear  conl>inatlons  (i.e..  Incident  solar  radiation  was  Just  as  good  or 
better).  It  was  also  speculated  that  available  space  may  contribute  to 


growth.  A variable  tor  space  was  torned  which  was  merely  the  inverse  of 
the  leaf  ares  1ridc«  and  added  to  the  data-  In  nahy  cases  thU  did  increase 
the  slgnificaTice  of  the  regression  equations.  Upon  further  consideration 
it  becajiB  apparent  that  the  inclusion  of  this  variable  was  not  valid  since 
it  was  derived  from  a dependent  variable.  Available  space  would  obviously 
be  greater  when  the  standing  crop  Is  at  a minimum  and  would  certainly  be 
inversely  oorrelated  with  It.  An  increase  In  space  may  very  well  Increase 
the  rate  of  growth  but  rataa  were  not  being  analyzed.  The  dependent  varia> 
bles  represent  the  eeate  of  each  parameter  which  Is  regressed  against  the 
corresponding  states  of  the  Independent  variables.  For  these  reasons 
space  and  shading  were  excluded  In  the  final  analysis. 

Once  the  model  for  the  best  fit  was  derived  It  was  entered  into  a 
regression  program  (SAS  REfift  Procedure).  This  program  provided  the  same 
analysis  as  the  stepwise  procedure  but  1n  addition  it  predicted  values 
for  the  dependent  variables  based  on  the  multivariate  model  with  each  set 
of  independent  variables, 

The  linear  mdel  assumes  orthogonality  between  independent  variables. 
Since  many  of  the  parameters  were  inter-related  (i.e.,  sun  and  air  temp- 
erature, rhizome  damage  and  leaf  damage,  etc.)  the  assumption  of  orthogonality 
is  violated.  In  evaluating  a model  the  procedure  may  select  the  parameter 
which  best  reduces  variability  and  Important  correlated  variables  may  be 
lost.  For  this  reason  a correlation  procedure  (SAS  CORR  Procedure)  was  em- 
ployed to  deteiTilne  which  variables  were  significantly  correlated.  As  a 
result.  If  a factor  is  found  to  significantly  contribute  to  variation  1n 
the  dependent  variable  It  can  be  cross  checheO  In  the  correlation  matrix 
to  determine  what  other  variables  may  be  working  with  It.  The  dependent 
variables  were  also  checked  against  one  another  for  significant  correlations 
using  the  sane  procedure. 


A rajor  weakness  1i 


e of  a multivariate  linear  rodel  in  this 


type  of  study  is  that  It  assumes  iralependence  Between  independent  variables. 
In  actuality  probably  very  few  of  the  variables  are  completely  independent. 
For  eiample  sunlight  and  nutrient  levels  are  both  assumed  to  be  linearly 
related  to  the  state  of  the  variable  for  standing  crop.  It  is  further 
assured  that  each  contribute  independently  and  in  an  additive  fashion. 

This  Is  not  true,  however,  as  variables  such  as  nutrient  loads  and  solar 
radiation  interact  multiplicatively  and  the  effects  of  one  are  limited  by 
the  state  of  the  other  (see  H.  T.  Odum  ig74).  This  interaction  may  be 
linear,  exponential,  or  logistic  depending  upon  whether  or  not  either  is 
present  in  limiting  guantities.  The  linear  model  does  not  account  for  these 
complex  relationships  and  should  not  he  considered  as  a basis  for  making 
generalizations  about  interrelationships  in  the  system,  I feel,  however, 
that  this  type  of  analysis  can  provide  an  indication  of  which  variables 
are  important  in  accounting  for  variation  but  it  cannot  be  interpreted  as 
a mathrematical  expression  of  the  functions  of  these  variables  [i.e.,  the 
coefficients  in  the  model  have  no  real  meaning). 


Water  QmIUy 

Lake  Alice  has  been  variously  classified  as  eutrophic,  highly  eutrophic, 
and  senescent  (Breaonik  1969.  Bresonik  et  al.  1969).  Breaonik  «t  al.  {1969) 
reported  that  lake  nutrient  levels  do  not  reflect  the  nutrient  enrichened 
sewage  source  that  feeds  the  lake.  They  postulated  that  this  was  due  to 
ability  of  the  waterhyacinths  to  absorb  these  nutrients.  This  was  substan- 
tiated by  Kitsch  (1975)  who  found  that  various  nutrient  concentrations 
decline  in  the  direction  of  flow  across  the  marsh.  Brezonik  st  al.  (1969) 
also  found  that  phytoplankton  counts  were  extremely  low  and  suggested 
that  this  may  be  the  result  of  light  blockage  by  the  waterhyacinths  as 
well  as  a flushing  effect  of  the  large  volume  of  cooling  water  from  the 
heating  plant.  Table  4 lists  various  water  quality  ranges  for  the  lake 
from  Kitsch  (1975),  Brezonik  <t  al.  (1969)  and  from  this  Study.  The  former 
two  investigators  followed  standard  procedures  as  established  by  the 
American  Public  Health  Association  (1965).  I did  not  have  the  facilities 
to  follow  these  procedures  and  used  a water  chemistry  test  kit  for  pH. 
nitrogen,  phosphates,  sulfates.  Iron,  and  alkalinity.  The  samples  were 
further  analyzed  for  conductivity,  potassium,  and  magnesium  by  the 
University  of  Florida  Soils  Laboratory.  In  spite  of  this  divergence  in 
technique  and  accuracy  the  values  from  n\y  study  compare  favorably  with 
those  from  the  other  studies.  However,  my  values  are  not  definitive  and 
are  only  general  indices  of  the  parameters  measured. 

figures  3-7  Illustrate  seasonal  changes  in  the  water  quality 
parameters  measured.  Because  of  the  many  factors  affecting  nutrient  loads 
it  is  difficult  to  explain  Che  variations  observed.  The  amount  of  waste 
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treated  varies  with  the  number  of  students  present  at  the  university  at 
different  lines  of  the  year,  output  from  tne  sewage  treatment  plant  varies, 
the  amount  of  water  (hence,  the  diluting  effect)  from  the  heating  plant 
varies,  rainfall  varies  as  does  runoff  from  near  fertiliaed  famland- 
All  of  these  factors  affect  nutrient  concentrations.  Since  the  samples 
were  taken  from  the  study  area,  however,  they  should  reflect  the  relative 
conditions  the  plants  were  growing  in  at  the  time.  The  reasons  for  differences 
in  the  nutrient  loads  are  not  important  but  the  differences  themselves  are. 

Alkalinity  (Fig.  3)  generally  ranged  from  140  to  210  mg/1.  Concen- 
trations were  fairly  constant.  The  greatest  fluctuations  occurred  In 
December  when  a sharp  drop  was  apparent  and  in  January  when  an  equally  abrupt 
increase  occurred.  The  concentration  at  the  end  of  the  study  (11  June  1975) 
was  somewhat  higher  than  that  at  the  beginning  (20  June  1974).  Alkalinity 
is  a measure  of  tne  buffering  capacity  of  the  lake  and  in  indication 
of  eutrophication. 

Conductivity  (Fig.  3)  ranged  from  340-580  umhos/cm  and  is  a measure 
of  the  electrical  conductance  of  the  water  resulting  from  soluble  salt 
concentrations.  The  conductivity  values  fluctuated  greatly  throughout 
the  year,  In  general  periods  of  low  conductivity  seemed  to  correspond 
to  periods  of  frequent  rainfall.  This  is  presimiaoly  due  to  a dilution 
of  the  soluble  salts  present  relative  to  the  water  storage  of  the  lake. 

Iron  (Fig  4)  was  measured  because  I have  observed  in  greenhouse 
cultures  that  water-hyacinths  grow  much  better  in  nutrient  solutions 
high  in  iron  concentrations.  Further,  it  appeared  that  the  iron  in  the 
solutions  was  rapidly  absorbed  by  the  plants.  Iron  is  a constituent  of 
cytochromes  and  as  such  is  an  essential  micronutrient  for  plant  growth. 
Concentrations  in  Ljke  Alice  were  less  than  0.10  mg/1  most  of  the  year 
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but  a curious  sharp  rise  occurred  in  April  \diere  the 
of  0.40  ing/1  occurred-  Concentrations  dropped  in  Hay  and  returned  to 
initial  levels  in  June. 

Hagnesium  is  an  important  structural  component  of  the  chlorophyll 
molecule  and  is  also  used  by  plants  in  the  metabolism  of  carbohydrates. 

It  is  therefore  also  an  essential  element  for  plant  gronth.  Magnesium 
levels  remained  fairly  constant  throughout  the  year  usually  ranging 
between  g and  17  mg/l  (Fig.  4). 

Nitrogen  is  a major  nutrient  for  plants  and  becomes  available  in 
the  form  of  nitraUs.  Figure  5 illustrates  the  values  for  Che  sum  of 
nitrates  for  the  study  period.  Since  nitrites  are  usually  fairly  low 
the  curve  probably  gives  a fair  representation  of  relative  nitrate  values. 
The  range  of  total  nitrates  and  nitrites  was  between  D.3  and  3.5.  The 
lower  values  occurred  in  July  through  October  and  increased  througn  the 
winter.  A decline  began  in  January  and  continued  through  March.  Concen- 
trations began  to  increase  gradually  in  the  spring  and  by  June  the  values 
were  higher  than  those  from  the  previous  year.  Nitrate  concentrations 
may  be  Inversely  related  to  water  level  as  similar  but  opposite  trends 

Figure  6 shows  the  annual  variation  in  pH  measured  over  the  study 
period.  Values  did  not  vary  much  usually  ranging  between  7.0  and  7.7.  A 
decnease  was  noted  in  late  Oecember  and  again  in  April  and  May.  At  these 
times  the  pH  value  became  as  low  as  5.9.  Itiximum  values  occurred  in 
November  and  January  when  they  reached  7.8.  Except  for  the  spring  data 
pH  seems  to  parallel  total  alkalinity. 
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Unfortunately  orthophosphate-phosphorus  was  not  determined  in  this 
study-  Figure  5 represents  the  phosphorus  concentration  present  as  total 
phosphates.  Uhlie  this  does  not  define  orthophosphate  availaoility  it 
propably  does  give  an  index  of  it.  Orthophosphate  Is  the  only  form  of 
phosphate  derived  from  natural  sources  and  is  present  in  organic  wastes 
and  fertiliters  (Vernon  1969).  Hence,  it  is  probably  the  predominant  form 
in  Lake  Alice.  Phosphate-phosphorus  concentrations  were  lowest  in  July 
and  August  1974  (ca.  0.5  ng/1)  and  Increased  through  December.  Concen- 
trations reiMined  high  into  Hay  and  June  1976  and  failed  to  return  to 
the  1974  levels.  This  may  have  been  an  artifact  of  the  lake  level  as  it 
also  failed  to  return  to  its  previous  July  level.  Also  an  Increase  in 
phosphate  concentrations  in  April  and  Hay  appear  to  correspond  to  a drop 

Phosphorous  is  a primary  factor  limiting  production  in  aquatic  eco- 
systems. Haller  et  al.  (1970)  found  that  p-concentrations  below  0.1  mg/1 
were  limiting  to  waterhyacinth  growth.  Above  this  concentration  the  plants 
absorbed  P in  luxury  amounts.  P-concentratlons  remained  above  this  cri- 
tical concentration  throughout  the  year  in  Lake  Alice.  I asscane.  therefore, 
that  P does  not  become  limiting  to  waterhyacinth  at  this  site.  The  fact 
that  phosphorous  Is  lowest  when  plant  biomass  is  highest  probably  reflects 
the  increasing  absorption  of  these  luxury  amounts  by  an  increased  plant 
standing  crop.  Mitsch  (1975).  however,  found  in  a model  simulation  that 
phosphorous  concentrations  in  Lake  Alice  appeared  to  be  unaffected  by 
waterhyacinth  uptake  or  any  other  annual  cycle.  He  further  found  that 
there  was  very  little  decrease  in  phosphorous  in  the  direction  of  flow 
across  the  waterhyacinth  marsh.  He  hypothesized  rather  that  nitrates  may 
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be  more  limiting  in  this  system  then  phosphates  since  stronger  winter 
peaks  and  sutimer  minima  were  apparent  in  annual  nitrogen  cycles  and  signi- 
ficant drops  in  the  nitrate  concentration  occurred  across  the  marsh. 

Dunigan  «t  «2.  (1975)  found  that  phosphate-phosphorous  concentrations 
above  50  ppm  were  not  significantly  affected  by  the  growth  of  waterhyacinths 
Put  both  nitrate-nitrogen  and  anmonia-nitrogen  were.  They  further  found 
that  the  N:9  ratio  of  uptake  rates  was  5-6:1. 

Potassium  concentrations  (Fig.  7)  remained  fairly  constant  and  did 
not  show  any  strong  annual  variation.  Values  between  June  and  November 
generally  ranged  between  2 and  4 ng/1.  Concentrations  increased  somewhat 
from  December  through  February  and  an  abrupt  decline  occurred  in  Karch 
and  April  ByJune  potassium  concentrations  were  about  the  sane  as  they 
had  been  the  previous  year. 

Sulfates  (Fig.  7)  were  extremely  variable  but  a blnodal  tendency 
was  observed.  Concentrations  appeared  to  be  naxinum  in  the  fall  and 
spring  and  minimum  in  the  winter  and  summer,  Since  plants  take  up  rela- 
tively little  sulfate  compared  to  the  amount  available  (Ruttner  1972) 
this  pattern  is  probably  due  to  factors  other  than  waterhyacinth  growth. 


Temperature  and  Solar  Radiation 

Figure  8 indicates  the  weekly  maximum,  minimum,  and  median  air  and 
water  temperatures  at  Lake  Alice  during  this  study,  knipling  tt  al.  (1970) 
found  that  maximum  growth  of  waterhyacinths  was  favored  at  water  temperatures 
of  28-30°C.  Water  temperatures  greater  than  40‘*C  ware  lethal  and  growth 
decreased  linearly  as  temperatures  were  reduced  to  15°C.  In  comparisons 
of  plants  exposaO  to  30°C  0ays:3O‘'C  nights  with  plants  exposed  to  30°C 
days:IO*C  nights  they  found  that  the  plants  exposed  to  the  lower  nighccixe 
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air  temperatures  had  photos^nthetic  rates  15-30t  Itmer  during  the  day. 

They  also  found  that  starch  accunulation  in  the  cholorplasts  of  10“C  plants 
was  2.5  times  greater  than  the  30'C  plants.  They  attributed  this  to  the 
failure  of  the  plant  to  translocate  the  previous  day's  starch  accumulation 
from  the  chloroplasts, 

During  the  period  of  this  study  water  temperature  ranged  between  10“C 
and  32®C  except  for  two  weeks  in  January  where  the  weekly  minima  were 
recorded  as  about  4’C.  The  median  water  temperature  was  never  less  than 
12°C  nor  more  than  31°C.  The  highest  maxima  occurred  in  late  August  and 
early  September  and  the  lowest  minima  occurred  in  DecenAer  and  January. 

The  optimum  median  temperatures  (28-30"C  as  determined  by  Knipling  «t  al.) 
occurred  in  June  through  October  but  meOian  temperatures  above  20°C  occurred 
from  mIO-Harch  through  late  November.  It  may  be  concluded  that  water  temp- 
eratures were  generally  favorable  for  waterhyacinth  growth  most  of  the 
year  although  winter  lows  in  Decenber  and  January  probably  hindered  growth. 
The  lethal  limit  (maximum)  of  39-40"C  was  never  approached  Sd  it  is  not 
reasonable  to  expect  a sumaer  decline  resulting  from  high  water  temperatures. 

Air  temperature  ranged  from  a minimum  df  28*  in  December  and  January 
to  a maxiimm  41*C  in  August.  The  median  weekly  tanperature  was  never  less 
than  10°C  nor  greater  than  30“C.  Minimum  temperatures,  however,  were  con- 
sistently less  than  10°C  from  early  November  to  late  April,  Sunnier  temp- 
eratures were  relatively  constant  and  averaged  about  2T*C.  The  winter  was 
comparatively  mild  with  only  8 days  having  minimum  temperatures  of  0°C  or 
less.  Six  of  these  freezes  occurred  in  December  and  2 occurred  in  January. 
None  were  serious  enough  to  severely  damage  the  waterhyacinths.  The  only 
detrimental  effect  noticed  was  a browning  of  the  leaf  tips  on  some  of  the 
larger  plants. 
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Even  though  frost  d1b  not  severely  damage  the  plants  1n  the  winter 
the  effect  of  the  low  temperatures  may  have  been  that  of  inhibiting 
translocation  of  starch  as  described  previously.  Winter  daytime  temper- 
atures were  generally  quite  warm  but  nighttime  temperatures  often  fell  to 
the  10°C  range  or  below.  If  photosynthetic  rates  and  carbohydrate  trans- 
location are  reduced  in  this  temperature  regimen  a reduction  in  growth 
would  be  expected  during  this  time,  Bock  (1969)  found  that  plants  grown 
at  4,4'’C  nights  and  4.4°C  days  (16:3  L:D  photoperiod)  grew  very  little 
(ca.  5»)  during  a 25  day  test.  Those  grown  at  26.7°C  days  and  4.4“C 
nights  did  only  slightly  better  (ca.  20t)  while  those  grown  at  26.7°C 
days  and  nights  increased  the  most  (ca.  IQSS).  Apparently  minimum 
nighttime  temperatures  have  a substantial  effect  on  waterhyacinth  growth 

The  inability  of  the  plant  to  translocate  starch  in  these  low  nighttime 
teii4)erature  Cundidons  along  with  tho  subsequent  reduction  in  photo- 
synthetic  efficiency  seems  to  be  the  only  explanation  available  for 
this  phenomenon  and  is  probably  a result  of  an  Interaction  between  temp- 
erature effects  and  physiological  mechanisms  (Knipling  »t  al.  1970). 

Figure  9 illustrates  the  annual  curve  for  solar  radiation  during 
the  period  of  this  study.  The  data  is  represented  as  daily  averages  for 
the  period  between  sampling  dates  and  is  in  terms  of  calories/cm7(»Ungleys), 
A rapid  increase  in  solar  energy  is  indicated  between  the  winter  months 
and  late  spring  and  appears  to  be  at  a maximum  in  early  June.  This  is  fol- 
lowed by  a gradual  decline  which  continues  throughout  the  remainder  of  the 
year  and  the  minimum  occurs  at  about  the  winter  solstice.  The  simmer  saxlmum 
does  not  seem  to  occur  at  the  susmer  solstice  and  measuronents  in  late  June. 
July,  and  August  set;,  to  be  lower  than  would  be  expected  based  on 
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ilone.  This  is  probably  the  result  of  cloud  cover  associated  with  frequent 
afternoon  thunderstoms  cormon  in  this  part  of  Florida  during  the  sumier 
(see  rainfall  in  Figure  2). 
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WaterhwclTitti  Productivity 

Figures  10  and  11  illustrate  diurnal  curues  for  the  productivity  of 
small  and  large  waterhyacinths.  Incident  solar  radiation  and  ambient 
temperature  curves  tor  the  two  days  in  which  this  study  was  done  are  also 
given.  This  data  is  the  result  of  infrared  COj  gas  analysis  described 
in  the  methods  section.  This  study  was  carried  out  cooperatively  with 
Sandra  Brown,  Ken  Dugger,  and  Bill  Hltsch  and  it  was  agreed  that  each 
investigator  would  use  the  results  freely  as  his  research  dictated.  Even 
though  this  agreement  was  made  I do  wish  to  point  out  that  this  is  not 
entirely  my  own  material. 

Gross  primary  production  of  the  large  plants  (Fig.  10)  was  determined 
to  be  19.3  9 CarMn/m2/da.  Respiration  was  estimated  at  13.2  g C/mVda. 

With  the  assimption  that  1 g carbon  = 10  kcal  these  figures  are  trans- 
formed into  193  kcal/mVda  and  132  kcal/m^/da.  This  Indicates  a value 
of  61  kcal/mVda  for  net  primary  production.  The  ratio-  of  this  value 
and  the  Incident  solar  energy  Indicates  a net  efficiency  of  1.6*.  This 
translates  into  a net  gain  of  13.55  gm  organic  matter  (assuming  1 gm  OM  • 

4.5  kcal).  Since  the  standing  crop  was  2140  gm/sq.  m.  a net  gain  of  0.63» 
for  the  24  hour  period  is  estimated  (0.831  standardUing  to  the  4900  kcal 
solar  radiation  measurement  of  the  small  plants). 

The  gross  primary  production  of  the  small  plants  (Fig.  11)  was  15.6 
g C/nVda  (156  kcal/m^/da).  Respiration  was  estimated  at  7,6  gm  C/n’/da 
(76  kcal/m*/da)  and  net  primary  productivity  at  8.0  gm  C/mVda  (80  kcal/ra^/da). 
The  net  efficiency  for  the  small  plants  then  is  also  1.6*.  Since  the 
standing  crop  is  smaller  this  represents  a relatively  larger  organic 
matter  gain.  The  net  productivity  of  80  gm  C equals  an  organic  matter  gain 


Figure  10. 


Diurnal  curve  for  large  Haterhyaclntn  productivity  deteralned 
from  CO2  gas  exchange  measured  on  Lake  Alice  with  an  Infrared 
CO;  gas  analyser.  Respiration  rates  were  determined  from  the 
average  night-time  values.  Gross  production  Is  defined  as  the 
area  under  the  curve  above  the  respiration  line.  Net  produc- 
tion Is  the  area  under  the  curve  above  the  condensation  point 
(0  gC/n’/hr).  The  lower  curves  represent  solar  energy  and 
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Diurnal  curve  for  small  Materhyaduth  productiviy. 
Figure  10  for  explanation. 


of  17.78  9"  or  an  Increase  of  appro*itMtely  3.02*.  Hence,  one  would 
expect  Itie  small  plants  to  Increase  relatively  nxire  rapidly  than  the 
large  plants. 

The  reasons  for  this  difference  are  many.  The  Increased  metabolic 
load  In  the  larger  plants  due  to  the  larger  standing  crop  results  In  a 
lower  gross  primary  producti»Uy:respiration  ratio  (1.46  vs.  2.05). 

This  ratio  at  steady  state  Is  1.00  which  indicates  that  the  larger  plants 
are  closer  to  steady  state  than  the  smaller  ones.  This  inters  that  a 
greater  portion  of  the  gross  production  Is  spent  in  maintaining  existing 
plant  structure  than  in  producing  new  material.  This  may  be  Important  In 
biological  control  considerations  for  a herbivore  which  merely  removes 
leaf  tissue  without  doing  damage  to  the  growing  portion  of  the  plant 
may  indirectly  stimulate  growth. 

Even  though  the  total  metabolic  load  was  greater  In  the  large  plants 
the  respiration  per  gram  plant  biomass  was  more  than  double  in  the  smaller 
plants  (see  Table  5).  This  nay  be  an  indication  of  a more  active  metabolic 
rate  associated  with  a faster  growth  rate. 

Intraspeclflc  competition  for  light  may  be  another  factor  affecting 
the  observed  difference  in  growth  rates.  The  leaf  area  index  of  the 
large  plants  was  more  than  twice  that  of  the  small  plants.  The  total 
amount  of  photosynthetic  tissue  was  3 times  greater  in  the  large  plants 
and  the  leaf  (pseudolanina)  tissue  was  9 times  greater.  In  spite  of  these 
large  differences  net  efficiencies  were  equal  and  gross  efficiency  was 
only  62*  greater  In  the  large  plants.  Hence,  this  greater  amount  of 
photosynthetic  tissue  is  probably  not  as  effective  per  unit  as  Is  the 
smeller  amount  of  the  small  plants.  In  fact  the  gross  productlvlty/gm 
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leif  tissue  of  the  Urge  plants  1s  only  S9X  of  that  of  the  snan  plants 
even  where  differences  in  solar  radiation  are  taken  Into  account.  The 
contribution  of  the  photosynthetlc  layer  In  the  petioles  is  not  well 
understood  Out  ft  Is  thought  to  be  of  minor  Importance  in  primary  pro- 
duction (Knipling  sc  al.  1970).  Further  Knipling  gt  al.  (1970)  found 
that  the  light  was  rapidly  extlnguishedbeneath  the  upper  canopy  (ca. 

at  mid-height).  Hence  the  primary  function  of  petiole  is  probably 
the  supportive  function  of  leaf  display  and  the  leaf  tissue  Is  probably 
photosyntheticaliy  more  Important  than  the  total  photosynthetlc  tissue. 
Table  S lists  the  various  metabolic  comparisons  standardized  with  regard 
to  the  leaf  area  Index,  photosynthetlc  tissue,  leaf  tissue,  and  standing 
crop.  In  all  cases  gross  primary  productivity  is  greater  In  the  snell 
plants  than  In  the  large  ones  even  though  the  reverse  Is  true  strictly 
on  a per  unit  area  basis.  The  fact  that  the  amount  of  leaf  tissue  pre- 
sent Is  9 times  greater  in  the  large  plants  while  the  GPP/gm  leaf  tissue 
Is  40*  less  Indicates  that  the  Increased  leaf  area  Interferes  with  light 
reception  and  probably  results  in  a greater  deviation  from  potential 
productlvl ty. 

The  ratio  of  plant  parts  (Fig.  12)  may  be  important  In  terms  of 
supporting  photosynthetlc  processes  and  may  partly  account  for  the 
difference  In  growth  rates.  As  mentioned  previously  the  petioles  function 
In  displaying  the  leaves  but  probably  do  not  contribute  greatly  to  photo- 
synthesis. Hence,  even  though  they  are  necessary,  they  represent  a sub- 
stantial metabolic  cost  to  the  plant.  Petioles  account  for  46*  of  the 
weight  of  a large  plant  and  only  19. Tt  of  a small  plant.  A considerably 
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Figure  12. 


A cciuparlson  of  the  standing  crop  and  proportions  of  the 
plant  parts  for  the  large  and  snail  Materhyacinth  plants 
used  In  the  produotlvity  studies. 
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of  the  large  plant  (76*  vs.  «*).  The  ratio  of  non-photosynthetic  tissue; 
phoMsynthetic  tissue  (Table  5)  Is  over  4 times  greater  in  the  sieall  plants 
than  that  of  the  large  plants.  This  non-photosynthetic  tissue  is  prlnarily 
roots-  Hence,  the  small  plants  are  probably  more  efficient  at  absorbing 
nutrients  to  supply  the  photosynthetic  and  metabolic  processes  Involved 
In  growth  and  production.  All  of  these  factors  are  probably  responsible 
for  the  faster  growth  rate  of  the  snail  plants. 

Because  of  the  difficulty  of  obtaining  the  data  discussed  here 
repetitions  were  not  possible  at  this  time.  As  a result,  statistical 
comparisons  of  the  differences  observed  between  the  two  types  of  plants 
could  not  be  made-  In  spite  of  this,  such  direct  methods  of  measuring 
productivity  are  far  superior  to  traditionally  used  indirect  measures 
such  as  the  estimation  of  changes  In  standing  crop  by  periodical  har- 
vesting. The  latter  method  Is  often  easily  repeated  and,  as  a result, 
nay  be  statistically  more  appealing.  The  technique  eaq)loyed  here,  however, 
has  the  advantage  of  stolchemetric  interpretation  without  the  necessity 
of  transferring  the  plants  to  an  artificial  laboratory  situation  as  Is 
normally  required  in  metabolism  studies. 
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5e««nal  Variation  In  Photosynthetlc  Tissue 
Virtually  all  parameters  associated  nitti  photosyntnetic  tissue  showed 
strong  seasonal  tendencies.  Plant  heighti  leaves  per  plant,  leaves  per 
unit  area,  area  per  leaf,  leaf  area  index,  area  per  petiole,  petiole  area 
Index,  and  total  leaf  area  index  show  seasonal  maximum  ranges  but  these 
peaks  vary  in  time  depending  upon  the  parameter  measured. 

Plant  height  (Fig  14)  seems  to  follow  solar  radiation  curves  but  lags 


Salnesville  on  a monthly  basis  as  0 to  12  year  averages.  The  data  for 
the  period  of  this  study  generally  agrees  with  this  (Figure  4c).  Maximum 
radiation  occurs  in  late  Hay  or  early  June  but  maximum  plant  height 
(mean)  is  not  achieved  until  late  June  and  July.  Minimum  solar  radiation 
ranges  occur  in  December  but  plant  height  does  not  reach  its  lowest  level 
until  late  January. 

The  number  of  leaves  per  plant  (Fig.  15)  appeared  to  be  extremely 
variable.  At  the  beginning  of  the  study  (Kay)  the  range  was  Between 
6 and  7 leaves  per  plant.  The  following  Hay.  however,  it  failed  to  return 
to  this  level  (ranges  4-5).  A decline  was  observed  for  this  parameter 
throughout  the  suimer  followed  by  an  Increase  in  September.  The  gradual 
decline  in  the  fall  and  winter  seemed  to  parallel  the  decline  In  solar 
radiation  but  a sharp  spring  increase  did  not  occur.  This  is  explainable 
in  terms  of  plant  density  and  leaf  density  (Figs.  16  and  19).  Even  though 
the  number  of  leaves  per  plant  was  low  in  the  spring  the  number  of  leaves 
per  square  meter  was  at  a maximum  because  plant  density  was  high  during 
this  time.  It  wy  be  concluded  then  that  a plant  has  the  greatest  number 
in  the  simner  when  it  is  at  its  maximuu  height  but  the  maximum 


of  leaves 


Figure  13.  Average  dally  solar  radiation  values  p 
Gainesville,  Florida.  The  figure  above 
the  minber  of  years  the  means  are  base 
the  Climatic  Atlas  of  ttie  United  SUte 


each  bar  represents 
upon.  Adapted  from 
, U.5.  Oept.  of  Connerce. 
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leaf  densiu  occurs  in  tne  spring  when  the  pUnts  are  at  their  naxinuni 
density.  Leaf  density  appeared  to  return  very  near  its  Hay  1974  level 
in  Hay  1975. 

Plant  height,  plant  density,  leaf  density,  and  leaves  per  plant 
appear  to  be  interrelated.  It  is  confusing  to  consider  any  one  of  these 
as  an  indicator  of  photosynthetic  production.  A more  valuable  index  is 
the  leaf  area  index  which  takes  into  account  the  average  area  per  leaf  and 
the  leaf  density.  Figure  17  represents  the  curve  for  the  average  area  per 
leaf.  This  appears  to  be  similar  to  the  plant  height  curve  but  does  not 
show  the  brief  period  of  decline  in  the  late  simmer.  A single  distinct 
peak  occurs  in  July.  The  leaf  area  index  is  the  product  of  the  average 
area  per  leaf  and  the  number  of  leaves  per  square  meter  and  is  represented 
in  Figure  IB.  The  leaf  area  index  shows  a strong  increase  in  Che  spring 
actually  beginning  as  early  as  February.  A peak  occurs  in  Hay  as  a result 
of  both  increasing  area  per  leaf  and  a high  leaf  density.  A secondary 
peak  occurs  in  July  and  seems  to  be  due  only  to  the  increase  in  the  area 
per  leaf.  A rapid  decline  occurs  from  mid-July  through  early  October. 

An  increasing  trend  is  observable  in  October  but  drops  off  very  snarply 
within  a one  week  period  in  November.  The  first  cold  weather 
occurred  at  this  time  and  was  apparently  responsible  for  this.  It  is  not 
readily  apparent  what  caused  the  short  term  rise  in  the  leaf  area  index 
prior  to  this  decline  but  a number  of  factors  may  be  responsible.  Leaf 
density  was  showing  a steady  increase  while  the  area  per  leaf  increased 
slightly.  Maximum  air  tengieratures  appeared  to  increase  somewhat  at  the 
same  time  and  phosphate  concentrations  were  increasing.  The  leaf  area 
index  reached  its  minimum  in  January  following  the  last  two  frosts  of  the 
year  (Jan  14  A 15)  but  this  depression  lasted  only  a few  weeks  and  was 
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followed  by  a sharp  Increase.  On  the  whole  the  leaf  area  Index  seems  to 
follow  solar  radiation  cycles.  Cold  weather  causes  a depression  in  the 
leaf  area  index  but  the  effect  was  short  due  to  the  relatively  mild  winter. 
The  strategy  of  the  plant  seems  to  be  to  naximlee  photosynthetic  display. 
This  is  done  first  in  the  spring  by  increasing  leaf  density  and  offset 
production  followed  by  an  Increase  in  leaves  per  plant  and  leaf  size  in 
the  suimer  as  intraspecific  competition  becomes  more  intese. 

As  was  discussed  previously,  the  importance  of  the  petiole  in  photo- 
synthesis is  not  known.  It  is  assumed,  however,  to  contribute  little. 

For  this  reason  the  petiole  area  Index  has  net  been  graphed.  The  area 
per  petiole  is  usually  very  close  to  the  area  per  leaf.  Hence,  the  total 
leaf  area  (pseudolamina  and  petiole]  is  approximately  twice  the  leaf 
area  and  the  total  leaf  area  index  is  approximately  twice  the  leaf  area 
index.  All  three  (leaf  area,  petiole  area,  and  total  leaf  area)  strongly 
parallel  the  curve  for  mean  naximtm  height  (Fig.  Id). 

Seasonal  Variation  in  Plant  Density 

Plant  density  (Fig  19)  did  not  seem  to  follaw  the  same  trends  as 
the  various  estimates  of  phocosynthetfc  tissue,  A major  peak  occurred 
in  late  April  when  the  density  reached  186  plants  per  square  meter. 

This  was  followed  by  an  equally  abrupt  decline  in  fiay.  By  June  the  density 
was  between  70  and  90  plants  per  square  meter  and  it  remained  in  this 
range  until  September,  At  this  time  the  density  began  to  increase  and  a 
secondary  peak  of  130  to  140  plants  per  square  meter  was  achieved  In  early 
January.  This  level  dropped  slightly  in  February  but  the  spring  increase 
began  in  early  March. 
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These  observations  were  somewhat  surprising  as  a decrease  In  density 
was  expected  as  solar  radiation  levels  fe11  and  temperatures  became  colder. 
Plant  density  was  definitely  higher  In  the  winter,  however,  than  1n  the 
sunmer.  This  appears  to  be  related  to  the  leaf  area  Index  and  plant  height. 
The  average  weekly  freguency  distribution  for  the  various  plant  height 
classes  for  each  month  Is  shown  in  Figure  20,  In  January  the  distri- 
bition  was  narrow  (range  60  cm)  and  skewed  towards  the  smalt  plants.  The 
dominant  site  class  was  31-40  cm  which  contained  approximately  32  plants 
(26X).  Taken  together  with  the  two  smaller  site  classes,  SSt  of  the  plants 
were  found  to  be  less  than  40  cm  during  this  month. 

in  February  the  distribution  was  narrower  yet  (range  50  era)  but  the 
predominant  size  class  was  larger  (41-50  cm)  and  contained  31X  of  the 
plants.  Still  the  greater  proportion  of  the  plants  were  smaller  than  the 
predominant  class  (421)  and  taken  together  with  the  predominant  class 
represent  73t  of  the  population. 

In  Harch  the  range  of  sizes  seemed  to  broaden  (60  cm)  and  there  was 
a lack  of  a single  predominant  size  class.  Four  size  classes  (21-30,  31-40, 
41-50,  51-60)  accounted  for  2231,  1B31,  2U.  and  24X  of  the  population 
respectively  or  853  of  the  population  collectively.  By  April  when  the 
greatest  increase  in  density  occurred  the  size  classes  appeared  to  be 
nearly  normally  distributed.  The  predominant  class  was  51-60  cm  in 
height  and  contained  38  plants  (243)  and  together  with  the  41-50  cm 
class  accounted  for  423  of  the  population.  Smaller  size  classes  contained 
263  of  the  population  and  larger  plants  accounted  for  163, 

In  Hay  the  distribution  seemed  to  bifurcate.  Two  modes  were  apparent, 
the  first  in  the  41-50  range  and  the  second  in  the  71-80  and  81-90  ranges, 


Average  monthly  counts  of  tne  number  of  plants  Included  in 
each  plant  height  class  per  square  meter.  The  monthly 
values  >iere  derived  from  the  averages  of  all  the  weekly 
sanples  taken  during  a given  month.  The  dark  vertical 
bars  represent  the  frequency  of  damage  to  the  rhizome  by 
Atkbvi  dmvia  in  each  height  class. 
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The  latter  two  classes  comprised  4SS  of  the  population  and  40X  were 
smaller.  Approxlnately  16X  of  the  population  was  larger  which  was  similar 
to  the  previous  month.  By  June  this  subpopulation  of  small  plants  began 
to  disappear  and  tne  distribution  was  skewed  strongly  toward  the  larger 
size  classes.  The  91-100  and  100-110  on  classes  were  co-dominant  with 
54X  of  the  population.  The  smaller  classes  comprises  34X  of  the  total 
and  the  larger  only  lOX.  This  continued  in  July  and  the  sane  two  size 
classes  represented  651  of  the  papulation.  The  contribution  of  the  small 
plants  was  minor  with  only  a Z3l  representation.  The  predominant  size 
class  was  101-110  cm  in  July  and  was  the  makinsn  height  achieved  by  a 
dominant  class.  The  distribution  was  similar  in  August  and  September 
but  the  predominant  class  was  91-100  cm  in  both  months. 

In  October  the  predominance  of  the  larger  size  classes  was  beginning 
to  decrease  and  the  siuller  plants  were  becoming  more  important.  A net 
Increase  in  density  occurred  which  was  apparently  responsible  for  the 
Increase  in  the  smaller  size  classes.  The  two  predominant  classes  (91-100, 
101-110)  comprised  only  35*  of  the  population.  This  trend  continued  in 
Noveieser  hut  the  two  predominant  classes  were  smaller  (71-BO,  81-90)  and 
53*  of  the  plants  were  smaller.  By  December  the  predominant  class  was  31-40 
cm  and  the  frequency  distribution  was  broad.  Six  classes  (21-80  cm)  were 
co-dominant.  , 

Statistics  for  skewness  (assymetry)  and  kurtosis  (peakedness)  were 
determined  for  each  weekly  frequency  distribution  according  to  the  methods 
described  by  Sokal  and  Rohlf  (1969).  Kurtosis  was  plotted  as  a dependent 
function  of  skewness  and  a hyperbolic  regression  fitted  to  the  data  (Fig. 
21).  Positive  values  for  skewness  indicate  that  the  distribution  is 
skewed  towards  the  ight  (high  values  in  the 
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Figure  21.  Statistics  of  skeuress  and  kurtosis  (peaking)  derived  frtm 
each  weekly  frequency  distribution  of  plant  density  by 
height  classes.  This  figure  indicates  that  as  the  frequency 
of  plants  becomes  skewed  towards  the  larger  height  classes 
the  degree  of  peaking  in  the  distribution  increases  sharply 
(i.B.  the  diversity  of  height  classes  represented  decreases 
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values  Indicate  that  the  dfstrioution  is  skewed  left  (towards  low  values). 
Positive  values  for  kurtosis  Indicate  a high  degree  of  peaking  where  a few 
classes  contain  most  of  the  Individuals  In  the  distribution.  Negative 
values  Indicate  a broad  distribution  with  less  distinct  peaks.  Both 
skewness  and  kurtosis  are  aporoxlnately  0 In  a normal  distribution.  The 
regression  Indicates  that  when  the  population  Is  not  strongly  skewed  to- 
wards the  larger  site  classes  the  distribution  tends  to  be  normal  or  de- 
pressed with  several  classes  well  represented.  As  the  degree  of  skewness 
towards  the  large  site  classes  increases,  however,  the  population  shows 
much  stranger  peaks  Indicating  the  Increased  predominance  of  a few  site 
classes.  This  supports  the  contention  that  the  Increased  dominance  by 
the  large  plants  results  In  a loss  of  the  smaller  site  classes  and  a 
decrease  In  density. 

In  general,  then,  as  Che  predominant  site  class  becomes  larger  there 
appears  to  be  a loss  of  plants  In  the  smaller  site  classes  and  plant  den- 
sity decreases.  This  Is  further  Illustrated  In  Figure  Zl  where  each 
weekly  frequency  distribution  Is  plotted  from  January  through  December 
in  a three  dimensional  manner.  This  Is  particularly  true  In  the  sumner 
when  the  largest  plants  are  also  the  predominant  class.  As  the  leaves 
from  the  larger  plants  die  the  small  plants  become  better  represented 
and  the  density  Increases.  Density,  then,  appears  to  be  auto-regulatory 
and  responds  to  the  changes  In  the  canopy.  Even  though  the  photophase 
Is  decreasing  the  amount  of  light  luy  Increase  In  the  lower  canopy  as 
the  leaves  of  the  larger  plants  die  off.  This  may  stimulate  offset  pro- 
duction as  Is  evidenced  by  the  close  Inverse  association  between  plant 
height  and  plant  density.  There  appears  to  be  an  optimum,  however,  and 
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shading  Has  not  so  Intense  as  to  select  for  only  the  larger  height 
classes.  Solar  radiation  was  wasing  and  a dramatic  increase  in  density 
resulted,  Following  this,  as  the  plants  became  taller  and  the  average 
area  per  leaf  increased,  intraspecific  competition  invariably  selected 
for  the  plants  which  could  maximite  Cheir  energy  budgets,  namely  the 
larger  height  classes.  As  these  large  plants  became  larger  the  light 
available  to  the  smaller  plants  became  less.  This  resulted  in  the  loss 
of  the  smaller  size  classes  and  the  skewed  distributions  observed  in 
the  summer.  As  a word  of  caution  then,  a decrease  in  density  does  not 
necessarily  indicate  a reduction  in  the  condition  of  a waterhyacinth 
stand.  This  could  easily  be  misunderstood  by  persons  evaluating  the 
effect  of  insects  on  waterhyacinths. 

Seasonal  Variation  in  the  Standing  Crop 
Standing  crop  was  not  measured  directly  on  a weekly  basis.  However, 
biomass  samples  were  taken  in  December  1974  during  the  period  of  this 
study  and  in  April,  Kay,  June,  July  and  August  197S  after  weekly  data 
collections  were  terminated.  From  these  biomass  samples  the  average 
weight perplant  was  estimated  and  is  plotted  against  the  average  height 
(measured  at  the  same  time)  in  Figure  23.  An  exponential  regression  was 
fitted  to  this  data  and  the  regression  formula  derived.  The  correlation 
coefficient  for  this  regression  was  0.92  with  10  degrees  of  freedom  and 
is  highly  significant  (<0.01).  The  estimates  for  average  height  from  the 
original  weekly  samples  were  entered  into  this  regression  equation  to 
determine  the  estimated  average  weight  per  plant.  This  value  was  multiplied 
by  the  plant  density  for  the  same  sampling  period  to  obtain  an  estiiwte 
of  the  standing  crop  per  square  meter  in  terms  of  grams  dry  weight.  These 


Figure  23. 


Average  weight  per  plant  as  a log  function  of  the  average 
plant  height.  Data  from  biomass  samples  taken  from  Lake 
Alice. 
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esttmates  are  plotted  in  Figure  24.  Subsequent  actual  reasurenents  taken 
from  April  1975  - February  1976  are  also  plotted  (vertical  bars)  and 
conform  very  nell  vith  the  estimated  curve.  As  a result  I feel  that  the 
estimated  curve  is  a fairly  accurate  representation  of  acutal  conditions. 

Standing  crop  was  lowest  in  January  and  February  whan  it  ranged 
between  600  and  1000  gm  DH/m^.  A period  of  exponential  growth  began  in 
March  and  continued  through  April.  The  discontinuity  of  the  curve  at 
the  end  of  April  is  due  to  differences  between  the  initial  measurements 
in  May  1974  and  the  final  measurements  in  1975.  It  is  therefore  not 
apparent  whether  this  exponential  trend  continued.  It  does  not  seem  to, 
however,  because  there  was  a drop  in  biomass  between  April  and  May  of 
1975  in  the  actual  biomass  samples.  Following  this  decline  a nearly 
linear  rise  occurred  through  late  June.  Iluring  this  period  of  active 
growth  the  growth  rate  was  fastest  in  March  and  April.  The  daily  incre- 
ment factor  (see  Bock  1969)  for  this  period  (5  March  - 23  April)  is 
estimated  at  1.015  (l.St  per  day).  The  same  value  for  the  period  be- 
tween 1 May  and  10  July  is  1.010  (l.QA  per  day).  The  average  monthly 
values  for  daily  increments  are  listed  in  Table  6. 

Fallowing  the  peak  in  July  a rapid  decline  occurred.  This  was 
followed  by  a stable  period  in  mid-September.  A general  decline  began 
the  first  part  of  October  and  continued  through  January.  Siomass  re- 
mained stable  in  February  before  beginning  a spring  resurgence. 

Surprisingly,  Che  greatest  monthly  decline  did  not  occur  during 
the  coldest  months  but  rather  in  October  and  November.  This  may  have 
been  due  to  heavy  damage  by  Afstma  dan»a  which  occurred  at  that  time. 

The  period  of  maximum  growth  (April)  corresponds  Co  Che  greatest  monthly 
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itle  6.  Awrjge  fljily  rates  of  change  In  bionass  from  Initial  and  final  monthly 
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increase  In  solar  radiation  (see  Fig-  9)-  the  drop  in  Hay  was  probably 
due  to  the  loss  of  snail  plants  as  a result  of  increased  intraspecific 
competition.  There  appears  to  Be  t-o  growth  phases,  the  early  spring 
phase  due  to  both  increasing  plant  density  and  individual  plant  growth 
and  the  early  Sumer  phase  due  to  individual  plant  growth  only.  This 
seems  to  parallel  the  theory  of  cyclic  r and  K-$e1ection  and  will  be 
discussed  later  in  this  section. 

Damage  by  Anam  danea 

Larvae  of  kTaam  danaa  cause  considerable  damage  to  the  waterhyacmth 
plants  by  boring  into  the  leaves  and  rhizomes.  Eggs  are  laid  in  masses 
usually  on  the  pseudolamina  and  upon  emergence  the  neonates  mine  the 
leaves  or  move  to  the  base  of  the  plant  and  feed  on  the  tender  wrapper 
leaves.  As  they  become  larger  (ca.  «h  Instar)  they  bore  into  the  petiole. 
Prior  to  this  time  they  primarily  feed  externally  on  the  photosynthetic 
tissue.  By  the  5th  instar  they  ere  capable  of  killing  the  leaves  and 
may  bore  into  the  rhizome.  At  first,  damage  to  the  rhizome  occurs  at  the 
apical  tip  but  later  the  6th  and  7th  instars  tunnel  into  it  creating 
large  burrows  and  pdssibly  fragmenting  the  plant.  Damage  by  the  larger 
larvae  often  results  in  the  death  of  the  plant. 

Figure  25  Illustrates  the  leaves  damaged  by  A.  denaa  as  a percentage 
of  the  total  leaf  density.  This  figure  represents  total  leaf  damage  and 
does  not  distinguish  between  external  feeding  and  petiole  bores.  Figure 
26  also  illustrates  the  percentage  of  the  plants  with  rhizome  damage. 
Again,  the  degrees  of  damage  are  not  distinguished.  Figure  20  illustrates 
monthly  averages  for  rhizome  damage  by  plant  size  classes. 

Leaf  damag.  (Fig.  25)  was  very  low  in  the  summer  as  was  the 
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population.  An  increase  1n  damage  »as  apparent  beginning  in  July  and 
continuing  through  November  when  a peak  of  aporoxinately  25*  occurred. 

A decline  followed  through  December  until  late  January  when  the  damage 
ranged  between  5 and  10*.  U remained  at  this  level  through  February  and 
March  with  a brief  increase  in  April.  By  mid-May  the  level  of  damage 
was  somewhat  greater  than  the  previous  year. 

Rhizome  danage  closely  paralleled  leaf  damage  but  was  generally 
larger,  peaking  in  Noventier  where  43*  of  the  plants  had  rhizome 
damage  (Fig.  25).  Rhizome  damage  was  very  low  from  Hay  through  September 
(Figure  20).  An  increase  was  apparent  in  October  but  most  of  the  damage 
was  minor.  Host  of  the  severe  damage  occurred  in  November.  December,  and 
January.  By  spring  the  relatively  low  larval  population  coupled  with  the 
high  plant  density  resulted  in  relatively  low  levels  of  damage.  The  in- 
crease noted  ih  April  was  primarily  minor  damage. 

The  frequency  of  attack  of  a given  plant  size  class  roughly  corresponds 
to  the  frequency  of  that  size  class  (Figure  20).  This  is  generally  true 
throughout  the  year  except  in  December  and  January  when  the  smaller  plants 
are  more  abundant  but  most  of  Che  damage  occurs  to  the  larger  plants.  This 
may  be  partly  responsible  for  the  loss  of  plants  in  the  larger  classes 
apparent  between  December  and  January.  Otherwise  it  appear  that  there  is 
no  selection  by  the  insect  for  the  size  of  plant  attacked.  Larger  plants 
may  be  attacked  more  frequently  at  certain  times  but  this  is  probably 
due  to  the  fact  that  they  are  older  and  have  been  exposed  to  attack  for 
a longer  period  of  time.  If  the  selection  of  a plant  in  a given  size 
class  by  a larva  is  a random  process  then  the  frequency  of  attack  within 
that  class  should  correspond  to  the  relative  abundance  of  that  class  within 
the  frequency  distribution.  Without  further  analyses  this  appears  to  be  the  case. 
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Results  of  trte  MuU1»ar1ate  Analysis 
The  results  of  the  iiultluarUte  regression  analysis  are  sumiarieed 
in  Table  7.  The  expression  for  each  dependent  variable  nay  be  derived 
from  this  table  by  reading  across  the  row  according  to  the  form  of  the 
general  model.  All  regressions  were  highly  sighificant  with  a probability 
of  a greater  F occurring  by  chance  at  0.0001.  Some  of  the  regression 
coefficients  were  not  significant  at  the  0.05  level  but  were  included  if 
the  probability  for  the  null  hypothesis  (Ho;B"0)  was  less  than  0.10. 

Solar  radiation  and  eiininum  air  temperature  were  the  most  important  ' 
variables  in  the  models  for  standing  crop,  plant  height,  leaf  area  index, 
and  leaves  per  plant.  Since  all  of  Che  cl inatological  variables  were 
highly  correlated  (see  Table  fl)  the  inclusion  of  these  two  reflects  the 
importance  of  climate  to  the  maintenance  of  the  waterhyacinth  stand. 

Nutrient  effects  were  variable  depending  upon  the  model.  Nitrogen 
was  important  only  in  the  expression  for  standing  crop  but  the  coeffiecient 
was  marginally  significant  at  the  0.05  level.  This  infers  that  high  levels 
of  nitrogen  were  associated  with  larger  standing  crop  values  and  vice-versa. 
This  positive  relationship  was  somewhat  unexpected  since  the  nitrogen 
concentration  should  drop  as  biomass  increased  and  greater  guantities  of 
nitrogen  are  absorbed.  Phophate-phosphorus  was  included  In  the  mddels 
for  plant  height,  leaf  density,  and  plant  density.  The  coefficient  for 
plant  height  was  negative  and  probably  reflects  the  uptake  of  phosphorus 
as  height  increases.  The  positive  coefficients  for  leaf  density  and  plant 
density  indicate  that  these  values  were  high  at  the  same  time  that  phosphorus 
concentrations  were  high.  Potassium  was  a significant  factor  In  the  same 
three  models  but  the  relationship  was  reversed.  High  potassium  concentra- 
to  low  leaf  and  plant  density  v ues  and  to  high  values 


tion  corresponded 
for  plant  height. 
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Iron  appears  to  be  sn  Important  nutrient  in  at  least  three  models. 
The  coefficient  tor  iron  was  negative  in  the  expression  for  leaves  per 
plant-  The  nuntar  of  leaves  per  plant  is  correlated  with  standing  crop 
(see  Table  9),  hence,  the  negative  coefficient  for  iron  can  be  taken  to 
indicate  uptake  of  iron  as  the  plant  biomass  increases.  The  positive 
coefficients  in  the  models  for  leaf  and  plant  density  indicate  that 
iron  concentrations  are  high  when  these  two  variables  are  high-  Since 
naximum  plant  and  leaf  densities  occur  early  in  the  growing  season  Iron 
levels  nay  be  high  because  the  plants  have  not  yet  affected  It.  The 
peak  for  plant  density  occurs  ienedlately  after  the  peak  for  iron  con- 
centration (see  Figs.  4 and  19).  This  indicates  that  a causal  relation- 
ship may  exist  between  the  two. 

Potassium  was  included  in  the  expression  for  plant  height,  leaf 
density,  and  plant  density.  A decrease  in  the  potassiut  concentration 
between  late  February  and  late  April  (Fig.  3)  corresponds  to  the  peaks 
for  leaf  and  plant  density  and  accounts  for  the  negative  potassium  co- 
efficient for  these  two  variables.  The  positive  relationship  between 
pptassiun  and  plant  height  (Fig.  14)  is  not  obvious  by  mere  inspection 
of  the  data.  The  indication  is  that  as  potassium  concentrations  increase, 
plant  height  also  increases,  The  effects  of  more  important  variables 
probably  obscure  this  relationship  between  potassium  and  plant  height. 

Hagnesiun  was  significant  in  the  model  for  leaf  density.  This  was 
some^diat  surprising  since  magnesium  concentrations  were  relatively  con- 
stant through  the  year  (see  Fig.  4).  The  coefficient  for  leaf  density 
was  negative  but  this  inverse  association  is  not  obvious. 

Hydrogen  ion  concentration  (pH)  was  included  in  the 
area  index  with  a negativ.  coefficient.  Values  of  pH  bad 


model  for  leaf 


Tible  a.  CorrelitioK  coefficients  (r)  Oetoeen  Independent  variebles. 
Statistics  inparentneses  represent  the  probability  of  a 
greater  |r|  under  the  null  hypothesis. 
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Phitoeie  Damage 
Leaf  Damage 
Phosphorus 
Nitrogen 


(O.OOGO)  (0.0001)  (0.0001) 
(0^0000)  (0.0001) 
(0.0000) 
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over  the  year  but  were  generally  lower  1n  April  and  May  (see  Fig.  6). 

This  nay  be  the  result  of  increased  plant  respiration  during  this  phase 
of  active  growth.  Respiration  increases  the  CO^  concentration  which  re^' 
acts  with  water  to  fora  carbonic  acid.  Carbonic  acid  dissociates  anl..^ 
increases  the  hydrogen  ion  concentration  thus  lowering  pH.  These  changes./ 
are  usually  buffered  by  reacting  with  limestone  to  form  carbonates  and . 
bicarbonates.  This  accounts  for  the  correlation  between  pH  and  alkalinity 
(total  carbonates  and  blcaroonates)  in  Table  8.  The  drop  in  pH,  then, 
is  probably  a result  of  plant  growth  and  not  a cause  of  it. 

Alkalinity  was  included  in  the  plant  height  model  but  the  coefficient 
was  not  significant.  Sulfates  were  significant  in  the  model  for  leaves 
per  plant  and  had  a positive  coefficient.  Significant  correlations  with 
sulfates  include  conductivity,  magnesium,  potassium  and  alkalinity. 
Overall,  then,  sulfates  are  probably  an  index  of  soluble  salts. 

Hater  level  was  included  in  Che  plant  height  model  with  a negative 
coefficient  and  in  the  plant  density  model  with  a positive  coefficient. 
Considering  the  water  sources  for  Lake  Alice  low  water  levels  probably 
result  in  a concentration  of  nutrients  and  high  levels  in  a dilution. 

The  negative  coefficient  for  plant  height  indicates,  then,  that  Che  plants 
are  taller  when  nutrients  are  low.  Conversely  the  plants  are  most  dense 
when  nutrients  are  high.  Significant  negative  correlations  exist  between 
water  level  and  nitrogen  and  phosphorus. 

Maiimum  water  temperature  was  the  most  important  variable  in  the 
plant  density  mode!  and  was  negatively  related  to  it.  Hence,  low  maximum 
water  temperatures  Indicate  high  densities. 

In  general,  the  models  seem  to  indicate  that  the  variables  that 
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serve  as  Indices  of  biomass  (see  Table  9)  are  regulated  by  climate  as 
solar  radiation  and  air  temperature  are  most  important.  Leaf  density  and 
plant  density  appear  to  be  regulated  more  by  hydroponic  conditions  as 
various  water  quality  parameters  are  emphasized. 

Predicted  values  were  generated  for  each  dependent  variable  based 
on  the  known  independent  variable  values,  Each  has  been  plotted  as  an 
annual  curve  with  the  actual  observed  curve  (see  Figs.  14,  15.  16,  16, 

19,  and  24).  Dioraass  estimates  (Fig.  24)  seemed  to  tit  well  in  the  win- 
ter, spring  and  fall  but  values  were  underestlemted  In  the  suimer.  This 
Is  probably  because  of  the  assumption  of  linear  effects  inherent  In  the 
model.  As  mentioned  previously  this  assumption  is  probably  not  Justified. 
Plant  height  (Fig.  14)  was  approximated  fairly  accurately.  The  observed 
drop  In  late  August  was  not  apparent,  however,  and  an  increase  in  late 
January  was  predicted  which  did  not  occur.  This  is  apparently  the  result 
of  a brief  period  of  warm  weather  which,  according  to  the  model,  should 
have  resulted  In  a brief  increase  In  height.  Otherwise  Che  included 
variables  satisfactorily  account  for  variations  in  height. 

Values  predicted  for  leaf  area  index  produce  a curve  of  approxi- 
mately the  same  shape  as  the  observed  data  (Fig.  IS).  The  peak  was  not 
predicted  until  early  June,  however,  where  it  actually  occurred  in  mld- 
Itey.  The  predicted  peak  corresponds  to  Che  peak  in  solar  radiation. 

The  predicted  curves  for  leaves  per  plant  (Fig.  15)  and  leaf 
density  (Fig.  15)  conform  extremely  well  to  the  actual  data.  Plant 
density  (Fig.  19)  is  also  well  represented  but  the  spring  peak  is  not 
as  dramatic  as  was  observed.  This  Is  probably  because  the  change  at 
this  time  was  exponential  and  the  model  treats  it  in  a linear  fashion. 
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Overall,  wftn  the  exceptions  of  standing  crop  and  possioly  leaf 
area  index,  the  models  produced  reflect  observed  trends  In  the  plant 
characteristics  fairly  accurately.  Here  sophisticated  modeling  techniques 
could  probably  improve  these  fits  If  non-linear  responses  could  be  con- 

Discussion 

The  object  of  this  study  was  to  determine  the  degree  of  effect  of 
damage  by  tTtam  dgnsa  on  various  characteristics  of  the  waterhyacinth 
population.  Neither  leaf  damage  nor  rhizome  damage  proved  to  be  a 
significant  factor  in  any  of  the  models  derived  from  the  multivariate 
regression  analyses  (Table  7),  The  obvious  conclusion  based  only  on  these 
analyses  is  Chat  a.  denao  damage  did  not  affect  the  plants  or,  more 
precisely,  did  not  account  for  a significant  amount  of  tne  variation 
observed  in  the  plant  characteristics  measured.  Upon  examination  of  the 
correlation  matrix  for  the  independent  variables  (Table  8),  however,  it 
is  found  that  both  leaf  and  rhizome  damage  are  highly  correlated  with  the 
climatological  variables  and  with  water  level.  Further,  these  correlation 
coefficients  are  a11  negative  indicating  that  insect  damage  is  high  when 
sunlight,  temperature,  and  water  level  are  low.  Because  of  thes  rela- 
tionships it  is  not  reasonable  to  exclude  insect  damage  as  an  litportant 
factor  since  the  correlated  variables  ere  important.  If  all  of  the  variables 
were  independent  a term  for  insect  damage  may  nave  been  included  in  the 
models.  In  lieu  of  this  independence  the  stepwise  analysis  first  selects 
the  parameter  which  best  re.iuces  the  variability.  Further  parameters  are 
used  to  account  for  the  variability  remaining  after  variability  due  to 
the  first  parameter  is  removed.  Mhen  the  first  and  second  parameters  are 
highly  correlated  the  exclusion  of  variability  due  to  the  first  may  also 
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remove  the  effects  of  the  second.  In  this  case  the  second  variable  Is 
considered  as  not  Inportant  and  Is  excluded  from  the  nodel.  This  may 
very  well  have  been  the  case  with  insect  damage,  The  effects  of  Insect 
damage  nay  have  been  obscured  in  this  manner  by  the  greater  effects  of 
siinlight.  temperature,  and  water  level.  To  see  If  this  possibility  existed 
a simple  correlation  analysis  was  performed  comparing  each  independent 
variable  with  each  dependent  variable  on  a one  to  one  basis  (Table  10), 
eoth  estimates  of  Aruma  damage  were  highly  negatively  correlated  with 
plant  height,  leaf  area  index  and  leaves  per  plant.  While  this  does  not 
necessarily  infer  that  a causal  relationship  exists  between  Insect 
damage  and  the  plant  characteristics  the  possibility  is  present-  further 
more  sophistlciated  analyses  may  be  able  to  isolate  this  effect  but  the 
results  of  this  study  are  Inconclusive  with  regard  to  damage  by  drsomi 


The  models  produced  seemed  to  fall  into  two  broad  categories,  bio- 
mass and  density.  The  first  includes  standing  crop,  plant  height,  leaf 
area  index,  and  leaves  per  plant.  These  four  characteristics  are  inter- 


related as  evidenced  by  the  significant  positive  correlations  (Table  9) 
between  them.  Because  of  this  interrelationship  all  are  probably  Indices 
of  biomass  and  all  are  low  In  the  winter,  increase  in  the  spring,  reach 
their  peaks  in  early  simmer,  and  decline  in  the  fall.  All  of  these  are 
primarily  climatologically  limited  as  evidenced  from  the  Inclusion  of 
solar  radiation  and  minimum  temperature  In  each  multiple  regression 
model  (Table  7). 

The  najor  nutrients  (N.  P,  K)  are  all  Included  In  at  least  one  of 


the  four  above  mentioned  models.  The  coefficients  for  these  an 
difficult  to  Interpret.  Nitrogen  Is  included  In  the  standing  ci 
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The  simple  correletion  coefficient  between  standing  crop  end  nitrogen 
(Table  10)  is  negative  and  not  significant.  After  the  effects  of  sun- 
light and  solar  radiation  are  removed  this  relationsnip  is  positive  as 
is  evidenced  by  the  positive  coefficient  in  the  model.  Hence  this  states 
that  at  constant  levels  of  light  and  temperature  the  standing  crop  in- 
creases as  nitrogen  levels  increase.  However,  since  absorption  of  nutrients 
increases  as  standing  crop  increases  one  would  expect  a negative  rela- 
tionshio  between  the  two  if  nitrogen  input  from  the  various  sources  re- 
mains constant.  This  inverse  relationship  seems  to  be  apparent  in  Figures 
5 and  24.  The  drop  in  nitrogen  concentration  in  the  sinner,  however,  is 
more  likely  due  to  an  increase  in  the  water  level  resulting  in  a dilution 
of  the  nutrient  load.  This  is  evidenced  by  the  significant  correlation 
between  nitrogen  and  lake  level  (Table  8).  Hitsch  (1975)  demonstrated 
that  a decrease  in  nitrates  across  the  marsh  does  occur  and  is  greatest 
in  the  suimer  when  Che  waterhyacinth  standing  crop  is  high.  Nitrogen, 
then,  may  very  well  be  limiting  to  waterhyacinths  and  the  biomass  supported 
by  the  available  nutrients  may  increase  as  relative  nitrogen  concentrations 
increase. 

Onosphorus  is  generally  considered  one  of  the  primary  limiting  factors 
is  aquatic  systems  (H.  T.  Odum  1953).  It  is  included  in  the  model  for 
plant  height  and  the  coefficient  is  negative.  The  simple  correlation  co- 
efficient between  phosphorus  and  height  is  also  negative  and  significant. 
The  model  infers  that  with  climatological  effects  removed,  plant  height 
increases  as  i^osphorus  decreases.  This  suggests  an  increasing  absorption 
of  phosphorus  as  the  biomass  Increases.  Phosphorus  concentration,  however, 
is  also  affected  by  the  water  level.  High  phosphorus  concentrations  are 
correlated  with  low  water  levels  (Table  6).  Kitsch  (1975)  showed  a snail 
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decrease  1n  phosphoriis  concentrations  occurred  across  the  marsh  in  the 
siiiniier.  Hence  plant  grmth  probably  does  affect  the  phosphorus  concen- 
tration but  it  is  difficult  to  determine  if  these  concentrations  become 
limiting  to  the  plants.  Phosphate-phosphorus  levels  never  fell  to  the 
limiting  level  of  0.10  ntg/l  as  determined  by  the  experiments  of  Haller 
et  aZ.  (1970)  discussed  earlier,  The  drop  in  phosphates  my  have  been 
due  to  the  absorption  of  luxury  amounts  by  the  plants  beyond  their 
iniiediate  requirements. 

Potassium  was  included  in  the  plant  height  model  after  the  effects 
of  climate  and  phosphorus  were  removed.  The  simple  correlation  coeffi- 
cient between  height  and  potassium  was  negative  and  not  significant 
(Table  10).  The  coefficient  in  the  regression  model  (Table  7),  however, 
was  positive  and  significant.  Potassiun  was  also  significantly  correlated 
with  water  level  (Table  S).  The  indication  from  the  model  is  that  at 
constant  levels  of  sunlight,  temperature,  and  phosphorus,  plant  height 
increases  as  potassium  concentrations  increase  or  vice  versa.  Again, 
one  would  expect  the  opposite,  that  is,  as  the  plants  become  large  ab- 
sorption would  increase  and  the  nutrient  concentration  correspondingly 
decrease.  The  possibility  exists  that  maximum  nutrient  absorption  occurs 
early  in  the  growing  season.  Nutrients  may  be  absorbed  in  Urge  quantities 
and  stored  within  the  plant.  The  period  of  maximum  absorption  may  occur 
simultaneously  with  the  period  of  fastest  growth.  As  the  growth  rate 
slows  nutrient  absorption  may  also  decrease.  Hence,  even  though  the  plants 
are  larger  during  the  sunner  the  plants  may  be  having  a lesser  effect 
on  nutrient  levels.  This  my  explain  the  apparent  decline  in  potassium 
levels  in  Harch  and  April  (Figure  7).  This  same  explanation  is  also 
possible  for  nitrogen. 
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Otlier  significant  variables  included  1n  the  four  models  nhich  re- 
present biomass  are  water  level.  pH,  iron,  and  sulfates.  The  possible 
significance  of  water  level  and  pK  have  already  been  discussed.  Sulfates 
are  correlated  with  magnesium,  potassium,  alkalinity,  and  conductivity. 

The  inclusion  of  sulfates  in  the  leaves  per  plant  model  may  indirectly 
indicate  the  Importance  of  soluble  salts.  The  Inclusion  of  Iron  with  a 
negative  coefficient  In  Che  same  model  Indicates  the  increased  uptake 
of  this  essential  nutrient  as  plant  biomass  increases.  This  agrees  with 
my  observations  on  plants  grown  in  greenhouse  cultures. 

Plant  density  and  leaf  density  are  highly  correlated  and  form  the 
second  category.  These  two  parameters,  unlike  the  biomass  indices,  do 
not  show  a peak  In  the  surmner  but  rather  1n  the  spring.  Potassium,  iron, 
phosphorus,  and  water  level  were  Included  in  both  models  [Table  7).  The 
signs  for  these  coefficients  are  opposite  those  for  the  same  variables 
in  the  previous  models.  The  negative  coefficient  for  potassium  indicates 
that  1t  is  being  absorbed  as  density  increases.  This  supports  the  argument 
given  above  that  potassiiin  1s  absorbed  in  the  greatest  quantities  at  the 
time  of  fastest  growth.  Further,  potassium  In  plants  is  known  to  accumulate 
In  those  tissues  that  are  growing  rapidly  [Robbins  aP  al<  1964]  and  would 
be  expected  to  be  absorbed  in  greater  quantities  when  maximum  growth  occurs. 

Iron,  on  the  other  hand,  appears  to  be  directly  related  to  density. 
Although  it  is  difficult  to  determine  why  iron  concentrations  showed  a 
dramatic  increase  in  the  spring  (Fig.  4)  the  strong  correlation  with  plant 
density  cannot  be  ignored.  The  iron  enriched  water  appears  to  have  been 
al  least  partially  responsible  for  the  increase  in  density  evidenced  in 
the  spring.  Since  iron  is  an  improtant  element  for  the  synthesis  of 
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dilorcphyll  it  may  be  an  important  limiting  factor  in  the  Haterhyacinth 
conmnnity. 

Photphorus  was  also  directly  related  to  leaf  density  and  plant  density. 
Maximum  densities,  therefore,  occur  nhen  phosphorus  concentrations  are 
high.  This  is  in  contrast  to  plant  height  which  achieves  its  maximum  when 
iPiQSphorvs  quantities  are  low.  This  may  be  interpreted  as  indicating 
that  high  phosphate  concentrations  early  in  the  growing  season  are  important 
in  Initiating  the  spurt  of  rapid  growth  in  the  spring.  As  the  plants 
become  larger  and  biomass  increases  more  phosphorus  is  absorbed  and  Che 
concentration  decreases. 

Magnesium  in  the  leaf  density  model  had  a negative  coefficient. 

This  may  have  reflected  the  upCahe  of  magnesium  as  leaf  tissue  increased. 
This  would  be  expected  since  magnesium  is  an  important  constituent  of 
the  chlorophyll  molecule.  This  change  is  not  obvious  in  Figure  4,  however. 

Climatological  variables  did  not  appear  to  have  the  in«)oreance  in 
the  density  models  that  they  had  in  the  bioaiass  models.  Solar  radiation 
was  included  in  the  leaf  density  model  but  the  coefficient  was  not  signi- 
ficant. Maximum  water  temperature  was  considered  the  most  important 
variable  in  the  plant  density  model  and  was  negatively  related  to  it. 

This  probably  reflects  inter-relationships  of  different  characteristics 
within  the  plant  population,  however.  That  is,  competition  for  light  is 
reduced  in  the  winter  thereby  allowing  an  Increase  in  density.  Since 
temperature  is  so  important  in  the  biomass  model  and  biomass  is  inversely 
related  to  density. 

The  multivariate  analysis  as  presented  does  not  take  into  consider- 
ation auto-regulatory  features  within  the  waterhyacinth  population.  The 
productivity  studies  show  that  small  plants  grow  more  rapidly  than  large 
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pUnU  presumably  because  the  large  plants  are  closer  to  steady  state 
with  a siuller  P:R  ratio.  Tills  Is  In  spite  of  the  fact  that  net  efficiencies 
are  approximately  equal  for  both  size  classes.  One  would  expect,  Chen, 
that  the  plants  would  grow  faster  in  the  spring  when  the  plants  were 
som11  than  In  the  sunner  when  they  were  large  even  if  external  conditions 
were  equal.  This  cannot  be  attributed  entirely  to  an  increased  metabolic 
load  in  large  plants  because  the  gross  primary  productivity  per  gram  of 
leaf  tissue  decreases  as  the  plants  become  larger  (see  Table  b).  This 
Infers  that  a unit  of  large  plant  leaf  tissue  is  less  efficient  than  an 
equal  unit  Of  Small  plant  leaf  tissue.  Respiration  per  gram  biomass  is 
almost  double  In  the  small  plants  so  this  cannot  account  for  the  difference. 
One  possible  reason  for  this  difference  is  senescence  of  the  older  leaves. 

A second  is  intraspecific  competition  for  light.  Both  of  these  explanations 
are  probably  partly  true.  As  the  leaves  become  older  they  probably  do 
naturally  become  less  efficient.  Also  they  are  more  likely  to  have  been 
attacked  by  diseases,  mites,  insects,  and  other  factors  which  may  reduce 
their  effectiveness.  Also,  as  the  plants  become  larger  they  are  more  prone 
to  self  shading.  Hence,  even  though  the  amount  of  light  received  is  the 
same  as  the  small  plants  the  amount  received  per  unit  of  photosynthetic 
area  would  be  inversely  proportional  to  Che  degree  of  competition. 

This  pattern  of  self  regulation  by  intraspecific  competition  seems 
to  account  for  changes  in  plant  density  within  the  waterhyacinth  conminity 
Patter  than  any  of  the  physical  parameters  included  in  the  plant 
density  model,  As  shown  earlier,  small  plant  size  classes  are  lost  and 
plant  density  decreases  as  the  plants  become  larger.  Figure  26  further 
illustrates  this.  In  this  figure  density  is  plotted  as  log  function  of 


plant  height.  This  slightly  Improves  the  correlation  coefficient  derived 
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from  the  simple  correlation  In  Table  9 (-0.806  vs.  -0.T6D).  Most  of  tne 
data  points  fit  the  regression  Hne  estremely  well.  The  greatest  deviation 
from  this  occurs  1n  April  when  a much  higher  density  occurs  than  would 
have  been  eapecteo  based  on  plant  height  alone.  Because  density  rapidly 
fell  back  to  nonnal  ranges  I believe  that  this  represents  an  "overshoot" 
response  by  the  plants  to  favorable  conditions.  Early  in  the  season  nu- 
trients are  high  and  competition  for  light  is  low.  As  a result  the  plants 
respond  by  producing  a great  number  of  offshoots.  This  numerical  response 
greatly  Intensifies  competition  and  as  the  canopy  rapidly  increases  light 
Is  effectively  cut  oft  from  the  smaller  plants  resulting  in  their  loss 
and  a decrease  In  density.  The  surviving  plants  would  be  those  that 
maximized  their  ability  to  receive  incident  solar  radiation.  This  would 
involve  an  increase  in  petiole  length  so  that  leaf  display  would  be  above 
the  neighboring  plants.  Hence,  In  the  suimier  a low  density  papulation 
of  tall  plants  was  present. 

This  phenonmenon  strikes  me  as  very  similar  to  a theory  of  Insect 
cycles  discussed  by  Wellington  (I960)  based  on  tent  caterpillar  popu- 
lations. He  found  that  active  genetic  strains  are  present  at  low  den- 
sities and  tend  to  reproduce  rapidly.  Sluggish  strains  are  present  in 
high  densities  and  are  adapted  to  crowded  conditions.  Conditions  of 
low  competition  are  present  in  a closed  waterhyacinth  coamunity  in  the 
spring.  In  this  situation  the  plant  appears  to  be  adapted  to  vegetatively 
reproduce  rapidly.  During  the  sianmer  under  conditions  of  high  ccvnpetitlon 
the  plants  seem  to  be  at  steady-state  and  appear  to  be  limited  by  envir- 
omental  conditions.  Like  the  tent  caterpillars  they  seem  to  be  adapted 
to  conditions  of  Intense  competition.  Hence  early  In  the  season  selection 
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favors  those  plants  that  can  produce  the  most  offsets  earliest.  Late  in 
the  season  seiectlon  favors  those  plants  that  can  compete  for  light  most 
effectively.  This  results  in  the  pattern  of  density  observed  in  Figure 
19.  This  explanation  applies  only  to  waterhyacinth  populations  which 
are  iimited  by  space  and  is  the  resuil  of  genetic  flexibility  within 
the  population  rather  than  different  genetic  strains.  If  open  water 
continues  to  be  available  in  the  Sumner  the  reproductive  phase  may  con- 
tinue until  all  available  space  is  utilieeO  as  long  as  some  other  fact- 
or does  not  become  limiting.  This  phase  of  reproduction  is  likely  to 
occur  only  at  the  fringe  of  the  mat  nearest  the  available  space.  The 
planu  further  back  within  the  mat  are  more  likely  to  be  limited  by 
competition  for  light  and  will  generally  be  increasing  in  height.  Con- 
sidering that  waterhyacinths  are  colonizer  species  this  pattern  of  growth 
Is  probably  very  adaptive.  Increasing  density  in  open  areas  enables 
the  plant  to  colonize  rapidly.  It  further  increases  the  niznber  of  propagules 
available  for  reaching  new  downstream  areas  to  produce  daughter  colonies. 
Once  the  plants  become  established  In  an  area  their  ability  to  compete 
must  increase  in  order  to  maintain  the  colony.  In  Its  native  habitat  the 
ability  to  Increase  in  height  enables  it  to  compete  both  inter-  and  Intra- 
speciftcally  since  several  similar  species  occur  with  it  (e.g.  BiMamia 
aauraa,  Reueau  sp.).  In  the  United  States,  however,  there  are  relatively 
few  large  floating  aquatic  macrc^hytes  and  most  interspecific  competition 
is  with  plants  in  the  littoral  zone,  In  areas  of  deep  water  where  emer- 
gent vegetation  does  not  exist  competition  for  light  is  intraspeciftc. 

Since  relatively  few  herbivores  act  to  reduce  this  intraspecific  compe- 
tition the  population  Is  limited  only  by  climate  and  nutrients.  Hence, 
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In  Florida's  nutrient  rich  waters  and  moderate  cllmau  large  stands  of 

The  pattern  of  growth  of  waterhyacinth  seems  to  involve  several 
phases  on  Lake  Alice.  A period  of  "no-growth"  occurs  in  January  and 
February  where  the  standing  crop  begins  to  increase  an  increase  in  leaf 
density  occurs.  This  begins  as  early  as  February  and  seems  to  be  the 
first  phase  of  growth.  The  leaf  density  peak  occurs  in  late  Harch-  The 
second  phase  of  growth  is  an  increase  in  plant  density.  This  begins  in 
early  Harch  and  the  peak  occurs  in  late  April.  The  number  of  leaves  per 
plant  increases  as  leaf  density  begins  its  increase  but  levels  off  in 
Harch  and  April  only  to  begin  a new  increase  in  Hay.  The  spring  increase 
in  leaf  density  is  due  both  to  an  increase  in  the  number  of  leaves  per 
plant  and  an  increase  In  plant  density. 

The  third  phase  of  growth  is  an  increase  in  height  which  begins  in 
late  Harch  and  peaks  in  July.  The  increase  begins  when  both  leaf  density 
and  plant  density  are  high  and  may  be  a response  to  this.  Standing  crop 
begins  to  increase  at  the  sane  time  as  height  and  peaks  at  about  the  same 

The  fourth  growth  phase  is  an  increase  in  leaf  site  and  does  not 
begin  until  Hay  but  reaches  a peak  in  early  July  along  with  height  and 
standing  crop.  Leaf  production  appears  to  be  manifest  first  in  an  in- 
crease in  leaf  density,  second  in  an  increase  in  the  mieber  of  leaves  per 
plant,  and  finally  in  an  increase  in  leaf  siee.  The  adaptive  strategy 
seems  to  be  that  of  maximizing  leaf  area.  Under  conditions  of  low  com- 
petition this  can  best  be  achieved  by  producing  more  offshoots.  Under 
conditions  of  intense  competition  each  plant  produces  more  leaves  and  the 
leaves  increase  in  size.  This  may  be  interpreted  as  a diversion  of 
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available  energy  1n  tbe  path  of  an  energy  gradient.  When  the  solar  energy 
gradient  is  stronger  peripherally  lateral  growth  occurs.  As  peripheral 
light  penetration  diminishes  due  to  increased  competition  and  the  light 
gradient  becomes  relatively  stronger  vertically,  vertical  growth  begins 
to  occur.  Either  way  the  Increase  in  the  leaf  area  indei  from  early 
February  through  late  Hay  is  almost  continuous. 

Growth  appears  to  slow  in  the  sunnier  and  a dramatic  decrease  in 
both  leaf  and  plant  density  occurs.  A sumner  decline  in  the  number  of 
leaves  per  plant,  plant  height  and  standing  crop  occurs  in  late  July, 
August,  and  early  September.  The  reasons  for  this  are  not  apparent  but 
it  may  be  the  result  of  a change  in  the  carrying  capacity  of  the  system. 
These  characteristics  level  off  for  a short  while  until  a general  decline 
begins  in  mid-Septesiber.  This  decline  continues  until  the  winter  lows 
are  reached  in  January.  As  plant  height,  leaf  size,  leaves  per  plant,  and 
standing  crop  decline  leaf  density  and  plant  density  begin  to  increase. 

This  increase  continues  until  January  when  a slight  decline  occurs. 

These  annual  cycles  Illustrate  the  plasticity  of  the  waterhyacinth 
populatioh  in  adapting  to  different  situations.  The  population  is  regu- 
lated prlBiarily  by  climatological  factors,  by  water  quality,  and  by  the 
intensity  of  intraspecific  ccnpetition.  Rapid  adjustment  in  the  morpho- 
metry of  the  mat  occurs  as  these  factors  change.  It  is  not  unreasonable 
to  expect  that  this  capacity  to  adjust  may  apply  to  attack  by  insects.  8y 
reducing  intraspecific  competition  insects  may  indirectly  cause  an  increase 
in  density.  There  probably  is.  of  course,  a damage  threshold  beyond  which 
further  damage  by  Insects  could  severely  affect  the  ability  of  (he  water- 
hyacinth  population  to  adjust.  I would  expect  this  threshold  to  be  high. 
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hoOTver.  and  to  vary  seasonaHy-  I would  expect  the  plants  to  be  most 
vulnerable  in  the  fa11  when  solar  energy  Is  declining  and  the  ability  to 
store  carbohydrates  tor  winter  survival  Is  critical.  By  decreasing  this 
ability  the  integrated  effects  of  insect  damage  and  freeze  damage  aiay 
retard  the  spring  growth  phase.  Although  Aremna  damage  was  highest  in 
the  fall  it  apparently  was  not  severe  enough  to  have  any  long  lasting 
effect  on  the  waterhyacinth  ccnmjnity. 


CHAPTER 


THE  CONSEQUENCES  OF  ATTACK  BY  ABZAHA  BBKSA  WLK.  ON  SOME  ECOLOGICAL 
CHARACTERISTICS  AND  HORPHDRBETHIC  FEATURES  OF  HATERHYACINTH. 

IntrMuctlon 

The  effects  of  in  Insect  etteck  on  s host  plant  depends  not  only 
on  the  biology  of  the  Insect  but  also  on  the  ecological  nesponse  of  the 
plant.  Henris  (1962)  noted  that  insect  attacks  nay  decrease  plant  abun- 
dance, have  no  effect  on  plant  abundance,  or  actually  stimulate  plant 
growth.  He  further  stated  that  Insects  which  feed  on  aquatic  plants 
nay  cause  sectioning  of  the  steins  fron  which  propagation  occurs  and 
increase  the  spread  of  the  plant.  Bennett  (In  Harris  1972,  apparently 
referring  to  Vogel  and  Oliver  (l%9a))  stated  that  1t  has  been  demon- 
strated that  a large  noctuld  (probably  Arson  dsnso)  which  attacks 
waterhyacinth  (Bijshhomia  oFoeaspaa)  nay  create  more  plants  and  spread 
the  weed.  Vogel  and  Oliver  (1969a)  attributed  this  increase  In  the 
number  of  plants  with  Increasing  Insect  concentrations  to  a reduction 
In  doninance  of  the  apical  bud.  Their  hypothesis  was  that  by  feeding 
on  the  apical  nerlsten  the  insect  caused  the  expression  of  the  lateral 
buds  thereby  Increasing  the  number  of  offsets  produced. 

If  herbivory  can  cause  the  spread  of  a weed  and  thus  Increase  the 
probelm,  it  Is  Imperative  to  determine  the  mechanism  by  which  this 
occurs.  A number  of  explanations  other  than  a reduction  in  apical 
dominance  are  possible  for  this  Increase  In  offsets.  A reduction  1n 
Intraspecific  ccanpetitlon  or  an  Increase  In  nutrient  due  to  an  accelerated 
turnover  rate  may  contribute  to  this.  Seasonal  effects  must  also  be 
considered.  The  purpose  of  this  study  is  to  examine  in  detail  the 

IBS 


186 


potential  effect  of  Artma  ds’iao  on  the  ecology  of  the  weterhyadnth 
in  terms  of  net  productivity,  standing  crop,  turnover  rates,  and  other 
characteristics  of  the  plant  cofimunity  during  two  distinct  seasons 
(surmer  and  fall ). 


HeChods  and  Haterials 


The  sides  of  four  greenhouse  tables  12  inches  deep  were  constructed 
from  1 inch  by  12  inch  redwood.  The  tables  were  lined  with  S mil 
polyethylene  sheeting  and  filled  with  water.  The  water  on  all  tables 
was  fertilized  equally,  as  needed,  with  20:20:20:  water  soluble  coomercial 
plant  fertilizer  with  minor  elenenU.  Sequestered  iron  was  also  added 
to  obtain  concentrations  of  2.5  ppm.  Square  foot  grids  were  constructed 
on  each  table  Oy  stretching  nylon  twine  across  the  top  of  the  tables  and 
tying  it  off  on  nails  spaced  one  foot  apart.  Two  tables  prouided  18  one 
sq.  ft.  quadrats  each  and  two  of  the  tables  which  were  somewhat  larger 
provided  27  quadrats  each.  One  small  waterhyacinth  plant  in  the  inflated 
petiole  stage  taken  frcan  Lake  Alice  was  placed  within  each  quadrat  on  all 
tables  and  the  plants  were  allowed  to  grow  for  several  weeks  until  the 
tables  were  completely  covered.  Five  quadrats  were  then  randomly  selected 
fron  each  table  and  the  plants  were  harvested  to  obtain  base  measurements 
for  the  parameters  to  be  evaluated.  In  the  first  eiperiment  average 
plant  height,  no.  leaves/quadrat,  no.  of  leaves/plant.  and  no.  plants/ 
quadrat  were  counted  and  to  obtain  initial  baseline  estimates  for  the 
table.  The  same  variables  were  estimated  in  the  second  experiment  in 
addition  to  total  dry  weight  subdivided  into  living  and  dead  organic 
material.  The  living  material  was  further  subdivided  into  leaves,  rhizomes, 
roots,  and  stolons.  Where  applicable  these  measurements  were  evaluated 
in  terms  of  both  unit  area  and  individual  plant. 

Araam  denaa  eggs  were  collected  for  the  first  experiment  from 
pickerel  weed  (Pontaderia  oomdoba)  at  a lake  near  Putnam  Hall,  Florida, 
on  25  June  1974.  These  were  allowed  to  hatch  and  neonates  were  placed 
on  the  tables  in  sufficient  numbers  to  achieve  0,  <1.33,  0.57,  and  1.00 
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larva/plant  levels  of  infestation,  five  quadrats  were  again  selected 
on  25  July  and  again  on  2 August  1974  and  the  sane  parameters  measured. 
Also  the  no.  of  leaves  damaged,  no.  rhizomes  damaged,  severity  of  the 
damage,  no.  larvae,  no.  pupae,  no.  pupal  cases,  no.  dead  larvae, 
apparent  instar  of  each  larva,  etc.  was  determined,  final  values  were 
taken  on  two  separate  dates  (when  the  insects  were  approzlnately  30  and 
38  days  old)  so  as  to  dracket  the  damage  estimate.  Underestimates  of 
damage  would  be  obtained  if  the  plants  were  harvested  before  the  insects 
reached  full  size  or  after  they  ceased  feeding  and  the  plants  had  begun 
tc  recover.  For  this  reason,  it  was  desireable  to  harvest  the  plants 
at  the  time  when  the  insects  had  begun  to  pupate.  The  final  values  are 
therefore  expressed  as  the  means  of  ten  quadrats  taken  five  at  a tine  on 
two  separate  occasions.  To  further  standardize  the  results  the  final 
values  are  expressed  as  a percent  of  the  initial  value  {i.e..  TKnial ' 


The  eggs  for  the  second  experiment  were  the  Fg  generation  of  the 
larvae  trcm  the  first  experiment  and  were  collected  from  waterhyacinths. 
Initial  saegiles  were  taken  1 October  1974  and  the  neonates  were  intro- 
duced 3 October.  The  levels  of  infestation  were  the  same  as  in  the 
first  experiment.  This  experiment  was  allowed  to  proceed  somewhat  longer 
until  14  and  25  NovesdMr  {42  to  53  days).  Other  than  the  increased 
duratldn  and  the  greater  number  of  parameters  measured  this  experiment 
was  like  the  first  one. 
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Analyses 

After  determining  that  there  vas  nn  significant  difference  (student's 
T-test  for  unpaired  data)  In  any  of  the  parameters  measured  bet«een  the 
two  post-infestation  sets  of  data  they  were  combined  to  obtain  10  obser- 
vations per  treatment  level  for  each  parameter  after  one  generation  of 
insect  activity.  The  final  results  are  expressed  as  the  mean  values 
of  10  parameteriaed  final  values  for  each  level  of  Infestation  and  are 
expressed  as  a percentage  of  the  initial  value. 

The  results  were  Interpreted  by  means  of  the  regression  procedure 
from  the  Statistical  Analysis  Systems  on  the  University  of  Florida  IBH 
370  coa^uter.  The  results  were  fitted  according  to  the  three  following 
regression  models  where  1 = plant  response  and  X = Insect  concentration; 

1.  y ■ A ♦ 8X 

2.  Y ■ A ♦ BX  t 

3.  Y = A V BX  *•  ext  ♦ Dx* 


The  model  which  best  fitted  the  data  and  presented  a realistic 
estimate  of  response  trends  was  selected  for  plotting.  The  best  fit 
In  the  first  three  models  was  determined  b; 
suns  of  squares.  The  fourth  model  was  compared  w 
of  the  regression  coefficients  (r).  The  model  wi 
lected  only  If  It  was  a great  deal  larger  than  th 
Otherwise  the  model  most  clearly  representing  Che 
form  possible  was  chosen.  In  the  majority  of  the  cases  the 
model  (equation  1)  provided  a satisfactory  representation  t) 

It  was  originally  expected  that  the  data  would  conform  to  the  log  conver- 
sion model  (eq.  4)  but  this  regression  consistently  provided  a lower  r-value 


sequential 
th  the  others  by  means 

! alternative  model, 
results  In  the  simplest 
cases  the  simple  linear 
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th«  I1n«r  ™del.  e*c.i.se  of  this  «r.d  bocduse  the  log  ™«' 

predicted  velues  based  on  geometric  ™aos  -hich  pnderest1«Ud  the  erith- 
«tic  iwaris  this  ™del  was  never  selected.  If  a greaMr  number  of  higher 
levels  of  insect  1nf«tation  -ere  used  in  the  experiment  I believe  the 
exponentiel  nature  of  the  response  curves  may  have  become  more  evident. 
Even  though  the  regressions  in  this  paper  are  linear  the  true  relationship 
between  the  plant  response  and  the  insect  concentration  may  not  be 


Results 


Plant  Heignt 

As  naterriyacinth  stands  become  denser  they  become  contained 
laterally  and  instead  of  producind  more  shoots  they  increase  in  height. 
As  the  plants  Decone  taller  the  bimass  increases  exponentially  as  is 
IllustraUd  in  Figure  27.  As  the  living  tissue  increases  the  respira- 
tory demand  must  also  increase.  Due  to  crowding  and  intraspecific  com- 
petition for  light  the  aeiount  of  photosynthetic  tissue  needed  to  main- 
tain the  plant  must  also  increase.  The  ultimate  result  is  that  the  Pro- 
duct1»ity;Respiration  (P/R)  ratio  decreases  until  it  approximaMS  1 
(Brown  at  al.  1974).  This  steady-state  is  achieved  where  the  energy 
produced  is  just  sufficient  to  meet  the  respiratory  demand  of  the  plant 
and  net  production  approximates  zero.  The  standing  crop  at  steady- 
state  depends  upon  the  carrying  capacity  of  the  habitat.  A nutrient- 
rich  body  of  water  supports  a larger  steady-state  standing  crop  than 
a nutrient  poor  body  of  water.  As  long  as  nutrients  are  constantly 
replenished  and  solar  energy  remains  high  a steady-state  equilibrium 
will  be  maintained.  Density  and  biomass  become  Palanced  with  respect 
to  their  sources  of  energy  unless  other  factors  interact  to  disrupt 
this  stability.  Because  plant  height  is  related  to  stand  density  as 
well  as  the  plant  weight  it  also  reflects  external  changes.  Since  the 
taller  leaves  (from  which  1 measured  height)  are  older,  they  are  more 
prone  to  Insect  attack  due  to  an  increased  duration  of  exposure.  Height, 
then  should  be  a very  sensitive  index  of  feeding  activity  by  herbivores 
providing  other  factors  remain  stable. 


Figure  27.  Average  flry  weight  per  waterhyacinth  plant  as  a log  function 
of  the  average  height. 
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plant  neljht  to  one 


Figure  36  represents  the  response  curve  for 
generation  of  feeding  by  drscw  dertea  with  varying  initial  insect 
concentrations  in  the  sunner  and  in  the  fall.  At  the  tine  the  plants 
■ere  infested  the  stands  had  approached  a steady-state  as  reflected  by 
the  small  increase  in  the  controls  (U*  and  5*  respectively).  As  feeding 
Intensity  increased  a nearly  linear  decline  in  both  experiments  was 
observed.  The  0.33  level  of  infestation  appeared  to  be  unduly  low  in 
the  suimer  experiment  but  this  was  the  consequence  of  a severe  attack 
by  spider  mites  {Tetranyohus  glooari  Banks)  which  occured  on  that  table. 

A somewhat  greater  response  to  herbivore  activity  was  observed  in  the 
fall  than  in  the  sunner.  This  is  as  expected  and  appears  to  be  due  to 
an  interaction  effect  between  decreased  solar  radiation  in  the  fall  and 
herbivore  adtivity. 


Figure  28- 


The  average  height  per  waterhyacinth  plant  (as  measureP  front 
the  longest  leaf)  as  a function  of  the  feeding  activity  of 
hratma  dmsa  larvae.  The  means  represent  data  taken  after  a 
generation  of  feeding  attack  expressed  as  a percentage  of  the 
mean  values  for  the  same  variables  taken  before  the  insects 
were  introduced.  The  circles  represent  the  mean  values  taken 
from  ten  D.093  sq.  meter  samples,  The  brackets  enclose  the 
range  of  the  standard  error  of  Che  mean.  The  open  circles 
^dotted  line]  are  values  from  the  surnier.  The  solid  circles 

the  0.33  insect  concentration  was  excluded  Frun  the  regression 
analysis  because  of  the  effects  of  a heavy  spider  mite  infestation. 


Sumer;  V ■ 111.63  - 36-23X,  r • -0-80« 


Fall: 


= 103.92  - 


196 


197 


The  terminology  of  neterhyacinth  leaves  is  an  area  of  controversy 
armng  Ootanists*  In  general  there  are  two  distinct  portions,  the  aiore 
or  less  swollen  base  and  the  blade.  According  to  Arber  (cited  in 
Penfound  and  Earle,  1948)  the  blade  Is  not  a true  lamina  but  an  extension 
of  the  petiole  hence  It  Is  often  referred  to  as  a pseudo-lamina.  For  the 
propose  of  this  discussion  I will  refer  to  the  swollen  base  as  the 
petiole  and  to  the  pseudo-lamina  as  the  leaf  blade. 

In  open  stands  the  petioles  are  bulbous  containing  numerous  air 
spaces  and  function  as  floats  and.  as  mentioned  previously,  tend  to  be 
short.  In  dense  stands,  however,  the  petioles  are  elongate  and  tend  to 
lack  the  bulbous  float  depending  instead  on  the  support  of  the  dense 
anchorlike  roots  and  the  intertwining  of  adjacent  plants  to  hold  them 

Since  A.  danaa  feeds  on  the  leaves  as  well  as  the  rhitome  the 
effects  of  feeding  activity  should  be  manifest  in  a leaf  nimber  response 
(Figs.  29  A 30).  8y  killing  the  plant  a decrease  in  leaves/unit  area 
should  be  observable  when  plant  density  also  decreases.  Since  plant 
density  responses  vary  (Figure  31)  the  nimber  of  leaves  per  unit  area 
win  not  always  reflect  insect  activity.  A better  index  appears  to  be 
leaves  per  plant.  As  the  Insect  feeds  on  the  leaves  the  number  per 
plant  should  decline.  Likewise,  if  new  offsets  are  produced  they  would 
tend  to  be  smaller  and  have  fewer  leaves  than  their  parent  plants. 

Figure  29  illustrates  the  response  curves  of  leaves  per  plant  to  varying 
insect  concentrations  in  the  sutmer  and  the  fall.  With  the  exception  of 
the  controls  the  means  were  almost  identical  in  both  experiments.  The 
difference  in  the  controls  Is  probably  due  to  a seasonal  effect  as 
explained  earlier. 


Figure  29.  The  effects  of  varying  levels  of  insect  feeding  activity 
on  the  average  number  of  leaves  per  waterhyacinth  plant 
expressed  as  a percentage  of  predetermined  means.  Legend 
as  In  Figure  28. 

Suimer;  Y = 102.16  - 40.83X,  r = -0.76 
V = 112.22  - 53.60X,  r " -0.69 


Fell: 
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Figure  30.  The  effects  of  varying  levels  of  insect  feeding  activity 
on  the  total  number  of  waterhyacinth  leaves  per  unit  area 
expressed  as  a percentage  of  predetermined  means.  Legend 
as  in  Figure  28. 

Sixmer:  Y ■ 13S.11  * 1.72*.  r = 0,012 
Fall;  V = 13-.29  - 85.54X.  r ■ -0.572 
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Figure  30  illustrates  the  response  curves  in  teims  of  leaves/unit 
ares.  The  changes  in  this  neasurenent  were  quite  different  between  the 
two  seasons,  In  the  fall  the  percentage  of  the  initial  nun^er  of  leaves 
present  showed  a significant  decline  with  increasing  insect  concentrations. 
During  the  siemier,  however,  no  change  was  apparent.  Since  a decrease  in 
the  number  of  leaves  per  plant  was  evident  this  stability  in  the  leaves 
per  unit  area  was  apparently  due  to  the  increase  in  plants. 
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Plant  Density 

When  discussing  the  effects  of  stress  on  the  density  of  waterhyacinth 
(number  oer  unit  area)  one  must  be  careful  to  define  the  seasonal  stage 
of  the  plant  and  the  tyoe  of  stand  It  1s  growing  in.  giahhomic  arateipet 
requires  abundant  solar  energy,  waters  rich  1n  nutrients,  and  open  space 
for  naalmum  productivity  (see  the  discussion  on  the  seasonal  ecology  of 
this  plant  presented  earlier).  Most  factors  which  are  likely  to  stress 
waterhyacinth  (such  as  herbicides,  frost,  or  Insects)  tend  to  open  up 
the  canopy.  The  plants  become  smaller  and  as  a result  the  P/R  ratio  and 
net  efficiency  probably  Increases  (Brown  et  al.  196fl).  In  this  situation 
they  become  r-strateg1sts  and  reproduce  rapidly  competing  successfully 
with  other  species  for  the  available  space.  This  Is  observed  in  the  spring 
when  there  is  an  apparent  ■overshoot"  in  the  plant  population.  The  data 
from  experiments  with  laser  beams  for  the  control  of  this  plant  illustrate 
the  sane  principle  (Long  and  Smith  1976).  After  the  laser  treatment  a 
decline  In  the  rate  of  change  was  observed  but  It  was  iimedlately  followed 
by  a sharp  Increase  until  the  experlmehtal  plots  were  almost  Identical  to 
[he  control  plots, 

In  this  r-selectlon  situation  species  with  high  rates  of  reproduction 
and  gnowth  are  more  likely  to  survive  In  an  uncrowded  situation  (E.  P.  Odum. 
1969).  When  the  waterhyacinth  stand  natures  and  occupies  the  total  avail- 
able space  an  equilibrium  density  Is  reached.  In  this  situation  the 
plants  appear  to  be  K-strateg1sts  where  selectloh  favors  species  with 
lower  growth  potential  but  which  are  more  competitive  under  equilibrium 
densities  (E,  P.  Odum.  1969).  The  effect  of  the  Insect  (or  other  stress 
factors)  appears  to  be  that  of  causing  the  plant  to  "switch"  strategies 
by  disturping  the  equilibrium  density.  Discontinuation  of  the  stress 


Figure  31, 


The  effects  of  verying  levels  of  insect  feeding  activity  on 
the  ncjnber  of  waterhyacinth  plants  per  unit  area  expressed 
as  a percentage  of  predetermined  means.  Legend  as  in 
Figure  28. 


Simmer:  V = 122,77  ♦ B1.07X,  r • 0.4209 


Fall;  V = 123.95  - 35.53X,  r = -0.2758 
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would  allow  the  equilibrium  density  to  again  be  achieved  and  the 
space  occupied  according  to  the  carrying  capacity  of  the  habitat- 

If  these  assumptions  are  true,  then  one  would  expect  the  seasonal 
consequences  of  insect  attack  to  vary.  The  carrying  capacity  of  the 
habitat  depends  to  a large  extent  on  solar  flux.  In  the  simmer  when 
solar  energy  is  nearly  maiinum  one  would  expect  insect  infestation  to 
ultimately  result  in  an  increase  in  the  absolute  density  of  the  plant 
since  energy  is  high  and  space  is  available.  In  the  late  fall,  when 
solar  energy  is  waning,  these  consequences  may  be  much  different. 

Because  of  the  reduced  energy  available  the  carrying  capacity  is  reduced. 
An  increase  in  available  space  at  this  time  may  ultimately  result  in 
little  change  or  a decrease  in  plant  density  as  other  factors  (i.e.  solar 
energy)  become  limiting.  The  data  from  this  experiment  (Figure  31)  tends 
to  support  this  hypothesis.  If  insect  damage  to  the  apical  bud  was  solely 
responsible  for  these  increases  in  density  without  the  Influence  of  other 
factors,  then  it  would  be  reasonable  to  expect  the  plants  to  react  simi- 
larly In  both  experiments.  Instead  I observed  an  increase  In  density  in 
the  simmer  experiment  and  a slight  decrease  in  the  fall  experiment  which 
favors  the  seasonal  interaction  explanation  for  density  changes, 

I do  not  intend  to  dispute  the  fact  that  damage  to  the  terminal  bud 
may  cause  a response  in  the  direction  of  lateral  growth.  One  could  cite 
many  examples  of  similar  phenomena  in  many  different  plants.  From  field 
observations,  however,  it  is  worth  noting  that  the  offshoots  produced 
frcm  plants  with  severe  damage  from  A.  danaa  do  hOt  appear  to  be  as 
vigorous  as  normal  offshoots.  These  offshoots  are  often  defonned  and  the 
leaves  often  appear  to  Pe  rather  thick  and  leathery.  I merely  intend  to 
deaunstrate  that  the  evolutionary  strategy  of  the  plant  is  to  produce 
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offsets  Hhen  sufficient  space  and  solar  energy  is  avaiUble.  This  occurs 
with  or  without  an  interaction  of  Insect  attack-  from  a biological  con- 
trol standpoint  the  fact  remains,  whatever  the  cause,  that  an  increased 
nufliOer  of  plants  may  be  produced  and  the  possibility  of  augmenting  the 
spread  of  this  plant  does  exist,  I contend  that  the  activity  of  the 
insect  does  not  influence  spread.  Spread  occurs  primarily  by  the  small 
floating  plants  which  grow  peripherally  from  a stand  of  larger  plants 
toward  Che  open  water.  The  limiting  factor  is  space,  if  none  is  available 
insects  can  do  no  harm.  If  space  is  available  the  plants  will  grow  into 
it  anyhow,  providing  conditions  are  suitaOle.  If  the  total  area  available 
is  completely  occupied  by  waterhyacinths  the  density  of  the  plant  popu- 
lation Is  inconsequential.  The  only  undesirable  effect  that  may  be  the 
result  of  insect  activity  is  that  of  fragmenting  the  stand  causing 
daughter  colonies  to  float  off  more  frequently  and  become  established 
in  new  areas.  As  will  be  discussed  subsequently,  other  parameters  illus- 
trate more  fully  the  true  impact  of  A.  danea  feeding  activity  on 
waterhyacinCh.  Because  of  differences  in  the  growth  pattern  of  the 
plant,  density  is  not  a good  index  of  herbivore  effectiveness. 


Biomass  Estimates 


The  effect  of  varying  Insect  concentrations  on  the  total  biomass 
per  unit  area  is  shown  in  Figure  32.  Total  biomass,  as  defined  here, 
includes  a living  ccmiponent  (standing  crop)  and  a non-living  component 
(detritus).  Figures  33  and  34,  i.e..  the  total  organic  material  present. 
Biomass  estimates  were  only  taken  in  the  fall  experiment,  therefore 
seasonal  comparisons  cannot  be  considered.  The  summer  standing  crop 
(Fig.  33)  could  be  estimated,  however,  using  predicted  values  from  the 
regression  equation  in  Figure  27  for  average  weights  per  plant  multiplied 
by  the  number  of  plants  per  unit  area.  The  value  for  standing  crop  at 
the  0.33  level  of  infestation  was  corrected  for  mite  damage  by  interpo- 
lating the  expected  values  for  height  and  plant  density  from  figures 
la  and  Id  assuming  approximate  linearity  between  the  0 and  0.67  levels 
of  infestation, 

Total  bicmiass  (Figure  32)  revealed  a rather  unexpected  response  to 
Insect  concentration.  At  all  four  levels  of  infestation  an  increase  was 
evident.  The  control  (0  infestation  level)  increased  1B8X.  The  plots 
treated  with  insects,  however,  responded  very  similarly  at  all  three 
levels  of  infestation  resulting  in  approximately  a 150X  increase  over 
the  initial  biomass  present.  The  effects  of  insects  on  total  biomass 
was  not  significant. 

The  standing  crop  (grams  living  material  per  unit  area)  declined 
significantly  with  increased  initial  insect  concentrations  in  the  fall 
experiment.  If  it  is  assumed  that  the  estimated  regression  for  the 
standing  crop  values  in  the  sunner  experiment  is  reasonably  correct  a 
quite  different  response  is  apparent.  Instead  of  a rapid  decline  even 
with  low  infestation  levels  no  response  is  apparent  until  the 
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Figure  32. 


The  effects  of  varying  insect  concentrations  on  the  total 
waterhyaclnth  biomass  (expresseO  as  both  detritus  and  living 
plant  material).  Data  was  talien  only  from  the  fall  experi- 
ment. Legend  as  in  Figure  28. 


Regression;  Y • 180.75  - 26.5BK.  r = -0,1828 
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Figure  33. 


The  effects  of  varying  insect  concentrations  on  the  living 
Katerhyacinth  mass  present  per  unit  area.  Data  vas  only 
taken  from  the  fall  experiment,  however,  estimates  were  made 
by  calculating  the  average  weight  per  plant  from  Figure  27 
based  on  the  average  plant  height  and  multiplying  by  the  plant 
density  (open  circles  and  dotted  line).  The  sunnier  curve  was 
fitted  by  eye.  Otherwise,  legend  as  in  Figure  2S. 


Begression  (Fall);  Y = 1S1.99  - 122. 71X,  r • -0,6684 


The  effects  of  varying  Insect  feeding  activity  on  the 
amount  of  dead  xaterhyacinth  giant  material  (detritus) 
per  unit  area.  Data  was  taken  only  from  the  fall  ekperl- 
nent.  Legend  as  In  Figure  Z8. 

Regression;  1 = 269,15  - 3.76X  * 2980.51X7  - 
2«6.33X7,  r • -0.7984 
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reaches  the  1.00  level.  This  probably  reflects  the  carrying  capacity 
of  the  plant  conmunity  for  this  herbivore.  The  carrying  capacity  is 
probably  dependent  opon  the  initial  standing  crop  as  well  as  the  pro- 
ductivity of  the  plant,  i.e.,  the  rate  at  which  the  coniminity  can 
replenish  itself.  The  plants  in  the  suoner  are  more  productive  than 
those  in  the  fall  and,  as  a result,  can  support  a greater  herbivore 
population.  The  point  at  which  the  herbivores  begin  to  have  a negative 
effect  on  yield  is  the  response  threshold.  In  the  fall  this  threshold 
occurs  between  the  0 and  0.33  levels.  Ih  the  sunner,  however,  the 
threshold  apparently  is  much  higher  at  between  the  0.67  and  3.00  levels 
of  infestation. 

The  change  In  the  anount  of  detritus  (dead  organic  material]  present 
is  probably  a good  Indicator  of  Insect  feeding  activity  provided  that  it 
can  be  measured  accurately  and  Identified  as  waterhyacinth  debris.  The 
net  change  is  dependent  upon  the  living  material  available  during  the 
period  of  infestation,  the  level  of  Insect  feeding  activity,  and  the  rate 
of  degradation  of  the  detritus  by  decomposers.  Assuming  that  the  decompo- 
sition rate  per  gram  detritus  is  constant  the  amount  of  dead  organic 
material  should  directly  indicate  insect  feeding  activity  up  to  the  point 
where  It  becomes  limited  by  the  anount  of  living  material  available  for 
conversion.  A detrital  response  curve  regressed  on  insect  concentration 
(Figure  34)  would  be  expected  to  increase  up  to  a point,  tend  to  level 
oif,  then  show  a rapid  decline.  The  point  of  deflection  for  this  curve 
should  occur  at  the  point  where  plant  productivity  begins  to  be  reduced 
by  the  feeding  activity  of  Che  insects.  As  insect  concentrations  become 
larger  (beyond  the  range  of  this  experiment)  this  point  would  be  reached 
earlier  in  the  growing  period  of  the  plant  and  cause  a decline  In  the 
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curve  until  it  levels  off  at  a point  where  the  increase  in  detritus  is 
equal  to  the  initial  living  material  present.  Figure  36  illustrates 
this  somewhat  differently  as  an  almost  linear  relationship  between  the 
insect  concentration  and  the  anount  of  detritus  present  expressed  as 
a precentage  of  the  total  organic  material  present.  This  linear  rela- 
tionship should  hold  until  the  ratio'  of  detritus  to  biomass  approaches 
unity.  At  this  point  an  asymptote  in  the  curve  should  become  apparent 
where  higher  concentrations  of  insects  have  a proportionately  smaller 
effect  on  this  ratio  (a  ratio  of  greater  than  1.0  is  impossible].  If 
the  net  productivity  is  zero  and  Che  detritus:  total  biomass  ratio  is 
I. 00  then  all  of  Che  plants  were  imnediacely  killed  upon  release  of  the 
Insects.  If  this  ratio  is  1.00  and  the  net  productivity  is  some  value 
greater  Chan  zero  then  all  of  the  plants  were  killed  at  some  time  after 
the  initial  release. 


Figure  3S.  Detritus  3S  a percentage  of  total  waterDyacinth  blonass  as 
a function  of  insect  feeding  activity.  Curve  fitted  by  eye. 
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Productivity  ind  Turnover  Estimates 

The  relationship  between  biooiess  and  detritus  can  be  more  graphically 
illustrated  if  net  productivity  and  turnover  rates  are  considered  (Figs. 

36  and  37).  Net  productivity,  as  used  here,  is  defined  as  the  final 
quantity  of  organic  material  present  (total  biomass  present  at  the  end  of 
the  experiment  - detritus  present  at  Che  beginning)  per  quantity  of  living 
material  initially  present  end  is  expressed  as  a percentage.  A value  of 
160  for  net  productivity  would  indicate  no  change  in  biomass  and  is  the 
minimum  value  possible.  Statistically  Figure  36  Indicates  that  there  was 
no  significant  change  in  net  productivity  as  a result  of  insect  feeding 
activity.  Intuitively  there  does  appear  to  be  some  effect,  however,  as 
productivity  was  approximately  1701  at  all  levels  of  Infestation  whereas 
it  was  approximately  2QSt  for  the  control. 

Assuming  that  productivity  was  not  affected  by  the  Insect  population 
and  with  the  knowledge  that  standing  crop  was  significantly  reduced,  it 
can  be  deduced  that  the  important  function  of  the  insects  was  that  of 
accelerating  turnover.  The  effects  of  Insect  feeding  activity  on  the 
relative  turnover  ratio  is  illustrated  in  Figure  37.  The  turnover  ratio 
as  used  here  refers  to  the  change  In  detritus  per  unit  area  per  gram  of 
living  plant  material  initially  present.  It  is  inversely  related  to 
turnover  time  or  the  time  required  for  the  initial  living  material  to  be 
converted  to  detritus.  An  approximately  linear  relationship  is  apparent 
between  insect  activity  and  the  turnover  ratios.  These  ratios  translate 
into  a range  of  turnover  times  of  approximately  153  days  for  the  control 
to  40  days  for  the  1.00  Infestation  level  (where  T.O.  tine  = * 

47. S da  (mean  duration)).  It  is  obvious,  then,  that  the  turnover  time 
decreases  exponentially  with  increasing  insect  concentrations.  These 


figure  36.  Net  weterhyaclnth  prodijction  as  a function  of  insect  feeding 
actiuHy-  Net  production,  as  used  here,  refers  to  the  final 
quantity  of  organic  matter  present, excluding  the  initial 
amount  of  detritus,  as  a percentage  of  tne  initial  living 
plant  material.  Data  only  from  the  fall  experiment.  Legend 
as  in  Figure  26. 

Regression;  Y • 194.42  - 32.54X.  r ■ -0.1897 
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Ftgure  37.  The  ratio  of  conversion  of  living  waterhyacinth  plant  material 
into  detritus  as  a function  of  insect  feeding  activity.  The 
figures  are  based  on  the  change  In  detritus  over  one  generation 
of  iraana  dtnoa  population  divided  by  the  amount  of  convertible 
living  material  present  at  the  time  the  Insects  were  introduced. 
Data  only  from  the  fall  experiment,  legend  as  in  Figure  28. 

Regression;  Y = 0.32Sa  ♦ 0.9007X,  r = -0.7621 
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relationships  should  remain  fairly  constant  regardless  of  season  since 
they  consider  only  Initial  living  material  present  and  detritus  produced. 
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Plant  Parts  and  Proportions 

The  response  curves  for  the  weights  of  various  plant  parts  to 
varying  levels  of  insect  infestations  show  very  similar  trends  and 
tend  towards  eiponential  declines  (Figures  38-42).  Regression  anal- 
ysis, however,  showed  that  the  log  response  curves  did  not  improve 
the  correlation  coefficients  when  compared  to  a linear  response  curve. 
The  results,  therefore,  are  plotted  as  straight  line  relationships. 

If  further  data  were  available  beyond  the  levels  of  infestation  tested 
in  this  experiment  a curvilinear  response  might  be  more  evident. 

Of  the  four  plant  parts  rhitones  showed  the  greatest  increase  in 
the  control  treatment  at  approximately  22SI  of  the  initial  value.  The 
0.33,  0.67,  and  1.00  levels  Showed  responses  of  128t,  65X,  and  48t 
respectively.  This  indicates  that  in  a situation  without  an  insect 
Infestation  and  greatest  proportion  of  the  carbon  fixed  Is  stored  in 
Che  rhiacnie.  The  proportion  of  rhizome  weight  to  total  living  plant 
weight  tends  to  support  this.  The  rhizome  represented  8.7t  of  the  ini- 
tie!  plant  weight  and  increased  to  11. 6t,  this  represents  an  increase 
of  1331  (see  Table  11).  Penfound  and  Earle  (1946)  stated  that  the 
rhizcvne  was  the  main  organ  of  storage.  It  Is  apparent  in  this  study 
that  e great  deal  of  the  energy  assimilated  by  the  plant  is  stored  in 
the  rhizome  as  carbohydrates.  Insects,  hy  causing  a decrease  in  the 
ability  of  the  plant  to  create  this  storage,  cause  a depletion  in  the 
carbohydrate  reserves.  This  directly  affects  the  ability  of  the  plants 
to  survive  periods  of  further  stress  and  to  resprout  from  the  rhizome 
if  the  leaves  are  killed.  This  may  reduce  the  anility  of  the  plant  to 
survive  periods  of  cold,  herbicide  treatsients,  pathogens,  and  further 


effects  of  varying  insect  feeding  activity  on  waterhyacinth 
en  mass  [pseudo-lanitnae  and  petioles).  Data  only  from  Che 
experiment.  Legend  as  in  Figure  2B. 

Regression:  r ° 173.27  - 128. OOX,  r • -0.8501 
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Figure  39.  The  effects  of  varying  Insect  feeding  activity  on  waterhyacinth 
non-green  mass  (roots,  rhizomes,  and  stolons).  Data  only  from 
the  fall  experiment.  Legend  as  in  Figure  28. 

Regression;  Y = 131.54  - 109. 68X.  r = -D.S749 
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NON-PHOTOSYNTHETIC  TISSUE 


Figure  40. 


The  effects  of  varying  insect  feeding  activity  on  waterhyacinth 
root  mass  per  unit  area.  Data  only  from  fall  expertnent. 

Legend  as  In  Figure  2S. 


Regression:  V = 90.73  - 73.92*,  r = -0.6452 
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Figure  41. 


TliB  effects  of  varying  insect  feeding  activity  on  the 
xaternyacintn  rhizone  mass  present  per  unit  area.  Data 
only  from  the  fall  experiment.  Legend  as  In  Figure  28. 


r = -0.6946 


Regression: 


1.22X. 
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Figure  42.  The  effects  of  varying  insect  feeding  activity  on  the 

waterhyacinCh  mass  represented  as  stolons  per  unit  area. 
Data  only  from  the  fall  experiment.  Legend  as  in  Figure 


Regression:  f • 136.84  - 97.01X.  r • -0.5169 


STOLONS 
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Table  11.  Ratios  of  tne  various  plant  parts  and  the  percent 

values.  The  simple  correlation  coefficient  (r)  is 
derived  from  a linear  regression  analysis. 


Insect  Concentration 

Ratio 

0.33 

0.67 

1.00 

r 

Leaf  Rot. 
Plant  Wgl. 

Final 

0.731 

0.775 

106.02 

0.704 

0.788 

111.93 

0.735 

0.827 

112.52 

0.694 

0.793 

114.27 

( 

0 

172+ 

214T 

399* 

Rhl2tme  Wgt. 
■Plbnt  Wgf. 

Initial 

Final 

0.087 

0.116 

133.33 

0.082 

0.089 

108.54 

0.092 

0.078 

84.78 

0.079 

0.079 

100.00 

-0 

-0 

192+ 

559** 

475** 

Root  Wot. 
Plant  Ug't.' 

Initial 

Final 

% 

0.149 

0.090 

60.40 

0.185 

0.082 

44.32 

o!o56 

41.48 

0.172 

0.091 

52.91 

0 

0 

-0 

04QT 

O23T 

175t 

Pfaiit 

Ini tial 
Final 
% 

0.028 

0.020 

71.43 

0.027 

0.040 

148.15 

0.035 

0.023 

65.71 

0.051 

0.039 

76.47 

0 

0 

-0 

389+ 

142+ 

072+ 

Root-Rhiz, 

Wat. 

Leaf  Ugt. 

Initial 

Final 

1 

0.325 

0.267 

82.16 

0.386 

0.224 

57.90 

0.311 

0.164 

52.60 

0.373 

sLss 

0 

-0 

-0 

084+ 

380’ 

550** 

* Probability  (s)  of  a greater  |r|  >0.05;  *p<0.05;  **o<0.01. 
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Ttie  quantity  of  carbohydrate  available  for  storage  Is  related  to  the 
amount  of  photosynthetlc  material  present  to  produce  it  and  the  efficiency 
of  the  plant.  The  effect  of  reducing  the  amount  of  leaf  tissue  as  a result 
of  insect  feeding  would  be  that  of  reducing  the  energy  available  for  stor- 
age or  maintainence,  Except  for  the  controls,  leaf  tissue  changes  (Fig,  38) 
closely  paralleled  the  changes  in  rhizome  tissue  at  123X,  74S,  and  57t  for 
the  0.33,  0.67,  and  1.00  infestation  levels.  The  control  final  leaf  weight 
was  183*  of  the  initial  weight.  Hence,  insect  feeding  directly  reduced 
the  photosynthetic  tissue  present  and  directly  or  indirectly  reduced  the 
material  stored  as  rhizome  tissue, 

The  proportion  of  the  living  plant  weight  represented  as  green  mass 
increased  In  the  controls  from  0.735  to  0.776  or  approximately  106*. 

Table  11}  but  does  not  appear  to  be  linearly  related  to  insect  concentra- 
tion. This  increase  in  proportion  was  probably  due  to  a decrease  in  the 
non-photosynthetIc  tissue. 

The  non-photosynthetic  tissue  (Fig,  39)  not  only  increased  less  in 
the  control  treatment  (ca.  146t)  than  photosynthetlc  tissue  (ca.  183*) 

Out  also  decreased  more  in  the  insect  treatments.  This  resulted  in  a 
decrease  in  the  root-rhizome;shoot  ratio  (Table  11)  at  all  treatment 
levels.  This  ratio  decreased  less  in  the  control  plots  (82*  of  initial) 
than  In  Che  treated  plots  (S3-S9*).  Again,  this  does  not  appear  to  be 
a linear  relationship.  This  does  indicate,  however,  that  the  effect  of 
insect  activity  decreased  the  stored  material  (rhizome)  as  well  as  the 
ability  of  the  plant  to  absorb  nutrients  relative  to  the  photosynthetic 
ability  of  the  plant. 
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Mhile  rhUOM  weignt  increased  the  most  in  the  controls,  roots 
increased  the  least  (Figure  40)  or  nore  acurately  did  not  increase  (102»). 
This  agrees  with  field  observations  where  I have  found  that  stall  water- 
hyacinth  plants  have  nearly  the  sane  root  mass  as  th  large  plants  when 
growing  in  similar  conditions.  When  the  plants  are  snail  crowding  is 
ninitizeo  and  nutrients  would  be  more  Uniting  than  light.  The  plants, 
therefore,  probably  naximize  root  growth  early  In  their  growing  period. 

As  the  plants  grow  and  light  becomes  more  Uniting  due  to  intraspecific 
competition  the  available  energy  is  probably  shunted  nore  towards  shoot 
development  and  less  towards  root  development.  This  would  explain  the 
decrease  in  the  proportions  of  the  plants  represented  as  roots  and  the 
decrease  in  the  root-rhieone:shoot  ratio  observed  in  the  controls  in 
Table  11. 

Roots  Increased  the  least  in  the  control  and  decreased  the  most  in 
the  treated  plots  (28*  of  Initial  values  with  1.00  insect  per  plant). 
Values  for  final  proportions  ranged  between  41  and  53*  of  the  initial 
proportions  after  insect  feeding.  This  is  not  significantly  different 
than  the  control  (60*).  Because  shading  by  adjacent  plants  is  reduced 
and  increased  amount  of  light  is  available  for  growth.  For  optimun 
regeneration  of  the  plant,  nutrients  need  to  be  absorbed  rapidly  for 
the  full  photosynthetic  potential  to  be  realized.  Ideally,  then,  the 
proportion  of  the  plants  represented  as  roots  should  become  larger  as 
is  nomally  the  case  in  snail  plants.  The  root  proportion  does  not 
change  as  a result  of  insect  attack,  therefore  regeneration  of  damaged 
plants  is  probably  slower  than  would  be  expected.  Because  light  energy 
and  nutrient  energy  react  nultipl Icatively  in  plant  production  the 
availability  of  one  affects  the  utilization  of  the  other  (i.e.,  growth  is 


limited  by  the  necessary  resource  which  Is  least  available).  Uhen  light 
energy  is  abundant,  as  in  a sparsely  populated  stand,  nutrient  levels 
probably  limit  growth.  One  would  expect  the  strategy  of  the  plants  in 
this  situation  to  be  that  of  maximizing  root  development  thereby  increasing 
nutrient  absorption  and  minimizing  the  limiting  effect  of  nutrients.  In 
a dense  stand  where  Intraspecific  competition  for  light  is  intense  light 
availability  would  be  expected  to  be  limiting.  In  this  situation  selection 
would  favor  those  plants  which  maximized  photosynthetic  tissue  and  the 
tissues  necessary  for  photosynthetic  display,  Hence,  a greater  proportion 
of  the  available  energy  would  be  expected  to  be  utilized  in  producing 
photosynthetic  tissue.  Small  plants,  therefore,  would  be  expected 
to  have  a larger  root-rhizome:shoot  ratio  than  large  plants.  The  effect 
of  the  Insects  in  this  experiment  resulted  in  smaller  plants  but  the 
rcot-rhizome:shoat  ratio  did  not  become  larger  than  that  of  the  large 
plants  in  the  control  (It  in  fact  was  generally  smaller),  As  a result 
the  available  light  Increased  but  the  plants  could  probably  not  efficiently 
utilize  this  Increase  because  of  the  limiting  effect  of  the  absorptive 
ability  of  the  small  root  mass.  Small  slowly  growing  plants  were  pro- 
duced as  a result  instead  of  small  rapidly  growing  plants  or  large  slowly 
growing  plants.  The  insects  caused  not  only  a decrease  in  the  standing 
crop  but  probably  also  inhibited  the  natural  regenerative  ability  of  the 
plants  remaining. 

The  stolon  weight  decreased  directly  as  a result  of  insect  activity 
(Figure  42),  Stolon  weight  as  a proportion  of  plant  weight  should  reflect 
offset  production.  If  the  effect  of  the  insects  was  that  of  increasing 
the  offsets  produced  then  the  stolon  weight  and  the  stolon  weightrplanC 
weight  (since  plant  weight  is  reducedjshould  increase.  This  did  not 
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aopB4r  to  Be  true  In  this  snperlment.  The  stolontpUnt  weight  ratio 
(Table  11)  was  not  significantly  different  between  the  Infestation  levels 
tested.  This  agrees  with  the  plant  density  changes  discussed  earlier. 


Oi  scusslon 


U is  evident  frar  these  two  esfieriments  that  a seasonal  effect 
interacts  with  insect  activity  and  produces  varying  plant  responses 
depending  upon  the  time  the  Infestation  occurs.  The  assumption  that 
insects  directly  cause  an  increase  in  plant  density  appears  to  be  over- 
simplified. The  canopy  is  reduced  as  is  evidenced  by  reductions  in 
both  height  and  photosynthetic  material.  This  allows  an  increased  pene- 
tration of  available  light  and  may  accelerate  the  growth  of  the  remaining 
plants.  This  may  be  due  to  a cessation  of  rather  than  a direct  result 
of  stress.  Any  stress  factor  that  would  reduce  the  effect  of  intraspeciflc 
shading  by  reducing  the  canopy  would  probably  result  in  a short  tem 
increase  in  the  nunber  of  plants  present  until  a new  equilibrium  density 
is  achieved.  Competitors  may  become  Increasingly  Important  and  suppress 
this  density  increase  by  interspecific  competition  in  the  field.  In 
these  greenhouse  eiperiments  competing  species  were  not  present  so  this 
response  may  be  exagerated, 

The  effect  of  insect  damage  to  the  terminal  bud  could  possibly 
contribute  to  an  increase  in  the  number  of  plants.  1 feel  that  the 
contribution  by  insects  to  this  process  is  minimal.  Penfound  and 
Earl  (1W8)  found  that  decapitated  rhizomes  failed  to  produce  new 
sprouts  only  when  4 cm  of  the  rhizome  tip  was  removed.  The  rhizomes 
of  the  majority  of  the  plants  were  thoroughly  fragmented  as  a result 
of  attack  by  the  larger  larvae  and  the  plants  were  dead,  fewer  than  lOt 
of  the  surviving  plants  had  rhizome  damage.  Those  with  rhizome  damage 
produced  rather  sickly  offshoots.  The  offsets  remaining  after  insect 
attack  were  not  Che  type  that  usually  occur  in  open  stands.  The  petioles 
were  not  bulbous  so  as  Co  function  as  floats  so  their  ability  to  disperse 


1s  douotful.  Also,  the  root  toss  and  the  root-rnl2ore;5hoot  ratio  was 
SMll  indicating  a loss  of  efficiency.  The  increase  in  plants  in  the 
Sumner  is  more  likely  a vegetative  response  of  the  surviving  plants 
before  they  are  severely  damaged  to  the  increased  space  available.  In 
this  manner  the  comnunity  maintains  a larger  standing  crop  and  supports 
a larger  insect  concentration  before  yield  is  affected. 

survival  over  periods  of  stress,  such  as  winter  freezing,  would 
probably  be  reduced  by  insect  infestations.  PenfounO  and  Earle  (1948) 
stated  that  as  the  leaves  are  killed  by  frost  the  plant  tends  to 
float  higher  increasing  the  susceptability  of  the  rhizome  to  frost. 

Insects  have  the  same  effect  of  removing  mass  and  causing  the  rhizome 
to  become  more  exposed  to  temperature  extremes.  Further,  the  ability 
of  the  plant  to  regenerate  after  periods  of  stress  is  probably  decreased 
as  a result  of  insect  attack  because  of  a depletion  of  carbohydrate 
reserves  in  the  rhizome. 

Suprisingly.  productivity  did  not  decrease  significantly  as  a result 
of  insect  attack.  This  is  probably  the  result  of  a time  factor.  That  is, 
the  insects  failed  to  produce  a noticeable  effect  on  plant  growth  until 
they  reached  a stage  late  in  their  development.  Only  the  later 
Instars  do  severe  damage  to  the  rhizome.  Once  this  point  was  reached 
productivity  probably  was  reduced  but  it  occurred  so  late  in  the  experiment 
that  it  failed  to  show  up  in  the  results.  This  same  phenoeienon  was 
apparent  in  the  total  biomass  estimates.  The  only  factors  tl 
show  a significant  response  to  insect  att 
biomass,  and  plant  density. 


e net  production,  total 


All  factors  associated  with  the  standing  crop  showed  a highly  sig- 
nificant decrease  as  Insect  concentrations  Increased.  The  proportions 
of  the  various  parts  of  the  plants  changed  but  these  changes,  for  the 
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most  p»rt.  were  not  out  of  line  witii  those  of  the  controls.  This  was 
surpristna  because  the  smaller  plants  produced  were  expected  to  be 
similar  to  the  plants  growing  in  open  stands  (i-e. , a high  root-rhiaone: 
shoot  ratio).  This  did  not  appear  to  be  true- 

The  turnover  ratio  was  the  most  revealing  characteristic  measured. 
Living  material  was  killed  and  transforeied  to  detritus  at  rates  almost 
directly  proportional  to  the  insect  concentrations.  The  total  amount 
of  living  material  Initially  present  survived  approximately  251  as  long 
with  1 larva  per  plant  as  did  the  plants  without  insects.  This  acceler- 
ated turnover  could  severely  affect  the  competitive  ability  of  the  plants. 

In  sufimary,  kratma  denea  severely  affected  almost  all  aspects  of 
waterhyacinth  growth.  It  does  appear  to  be  a good  agent  for  biological 
control  and  mass  releases  should  be  attempted.  The  chances  for  success 
would  be  greater  in  the  fall  than  in  the  sunmer  and  I believe  concern 
over  a resultant  increase  in  plant  density  and  dispersal  is  unwarranted. 
The  major  problem  with  this  insect  is  that  parasite  buildups  tend  to 
causes  pulses  in  the  effects  of  A.  dantia  and  as  noted  previously 
waterhyacinths  recuperate  rapidly  after  cessation  of  stress  factors. 
Exotic  insects  which  are  not  limited  by  parasites  and  exert  continuous 
pressure  on  the  plant  conmunity  will  probably  have  a greater  long  tern 
possibility  of  providing  a permanent  control.  Releases  of  A.  danea 
nay  be  beneficial  in  conjunction  with  exotics  to  bring  the  plant  popula- 
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CHAPTER  III 


THE  FEASIBILITY  OF  THE  UTiLiZATIOtt  OF  ASIAMA  DSHSA  HLK.  FOR 
THE  BIOLOGICAL  CONTROL  OF  HATERHYACIHTH  - THE  EFFECTS 
OF  AN  INTROOOCEO  POPULATION  ON  A S1ALL  POND  COWUNin. 

Introduction 

It  Has  been  auRgested  that  Arams  danaa  Halker  could  be  used  for 
the  biological  control  of  waterhyacinth  SioWomia  araaeipas  (Kart. ) 
Solms)  by  supplementing  natural  populations  if  a staisfactory  method 
of  mass-rearing  was  developed  (Vogel  and  Oliver  1969a).  Frick  (1974) 
also  suggested  the  possibility  of  augmenting  populations  of  native 
insects  to  increase  their  effectiveness  in  weed  control.  While  this 
tactic  has  been  discussed  by  various  investigators  in  the  field  of  bio- 
logical control  there  are  few  esamples  of  studies  where  this  has  been 
attempted  in  an  effort  to  control  weeds, 

Sufficient  numbers  of  A.  dmea  were  reared  on  living  waterhyacinth 
plants  in  a greenhouse  to  release  for  a small  scale  field  test.  Three 
variables  were  important  in  the  location  and  timing  of  this  release. 
First,  Che  site  tested  had  to  be  small  Co  achieve  an  adequate  insect: 
plant  concentration.  Second,  the  release  had  to  be  synchronized  at  a 
time  when  parasite  populations  were  low  and  the  naturalA,  dense  popu- 
lation was  increasing.  Third,  the  release  had  to  he  strategically 
made  so  as  to  damage  the  plants  at  a time  when  they  were  most  vulnerable 
to  attack.  With  this  criteria  in  mind  a small  site  near  Paynes  Prairie 
in  Alachua  Co.  was  selecud  where  the  previous  summer  the  largest  buildup 
of  the  naturalA.  densu  population  occurred  in  the  late  Sumner  and  fall. 
Also,  an  attack  late  in  the  growing  season  of  the  plants  should  Increase 
244 
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their  vulnerability  to  winter  cold  and  decrease  their  chances  of  sur- 
viving until  spring.  Hence,  the  release  was  made  In  mid-August  and  ade- 
quate time  for  two  A.  dtnaa  generations  before  evaluating  the  effects 
of  the  release. 

I had  two  strategies  In  mind  to  achieve  the  desired  results  with 
the  initiel  release.  The  first  was  that  of  predator  satiation  (see 
tloyd  and  Dybas  1966:  Janzen  1969)  where  a sufficient  number  of  larvae 
had  to  be  released  to  satiate  the  predators  and  parasites  present  thus 
permitting  an  adequate  number  to  escape.  The  larvae  also  had  to  be  of 
a uniform  age  class  so  as  to  carry  this  phenomenon  through  to  affect 
all  age-specific  parasites.  Egg  parasites  were  avoided  by  allowing  the 
eggs  to  hatch  prior  to  release.  An  ichneunonied  parasite  [dmpolrtU  sp.) 

Is  present  in  low  populations  In  the  fall  and  does  not  baccme  abundant 
until  late  winter.  Hence,  a large  release  in  the  fall  should  not  be 
seriously  affected  by  this  parasite.  A second  larval  parasite  (tpdeUa 
radioia),  a tachinid,  attacks  the  seventh  insUr  and  occurs  In  low 
concentrations  throughout  the  year.  Apparently,  because  in  natural  popu- 
lations of /IrjKtna  the  generations  overlap  extensively  seventh  instar 
larvae  are  almost  always  present  and  create  a constant  reservoir  for  this 
parasite.  This  parasite  is  always  present  but  since  the  seventh  instar 
populations  are  never  large  the  parasite  populations  cannot  build  up. 

By  synchronizing  the  release  eventually  resulting  in  an  abnormally  large 
population  of  seventh  instar  larvae,  also  synchronized,  it  was  hoped  that 
the  parasites  would  fall  to  make  a mmerlcal  response  in  time  to  signi- 
ficantly affect  Che  population.  An  fchneumonid  pupal  parasite  ichaamiaa  sp.) 
is  occasionally  present  but  was  not  considered  a threat.  I expected  this 
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strategy  to  break  doMu  in  the  second  generation  and  abnormaily  high 
parasite  populations  to  uHiinately  cause  a decline  in  the  A.  densct 
population. 

Assuming  that  we  could  obtain  a reasonable  survival  rate  in  the  first 

damage  the  plant  population  before  parasite  buildups  caused  a decline 
in  Che  A.  dma  population.  The  minimum  insect  concentration  to  achieve 
this  Has  determined  to  be  0.3  larvae  per  plant  based  on  field  observatio 

various  insect  concentrations. 
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Hethods  and  Materials 

Eggs  of  ArBOV  dan$a  UaHer  were  collected  fron  Pontadaria  eopdata 
at  Putaan  Hall,  Putnam  Co.,  Florida.  These  were  surface  steriUted  in 
a O.Sl  hyoochlorite  solution  for  20  minutes,  placed  in  a 101  sodium  thio- 
sulfate solution  for  i minutes  (to  neutralize  the  hypochlorite),  rinsed 
in  distilled  water  and  attached  to  filter  paper  with  a 101  casein  glue 
solution.  The  glue  was  permitted  to  dry  and  the  filter  paper  with  the 
eggs  was  placed  in  the  lid  of  a baby  food  ^ar.  HaterhyacinCh  leaves 
from  plants  grown  in  a quarantine  greenhouse  were  similarly  washed 
in  the  hypochlorite  solution  and  placed  in  autoclaved  baby  Food  Jars. 

The  lids  were  placed  on  the  jars  and  sealed  until  Che  larvae  emerged, 
These  sterilization  procedures  were  necessary  to  retard  the  growth  of 
mold  long  enough  for  the  larvae  to  eclose.  Fresh  leaves  were  added  as 
needed  for  food. 

The  larvae  obtained  were  kept  in  Jars  for  2-3  days.  They  were  then 
placed  on  tables  filled  with  waterhyacinths  in  a greenhouse  on  25  June 
1974.  On  25  July  half  of  the  plants  were  harvested  and  the  larvae  and 
pupae  obtained.  The  remainder  of  the  plants  were  harvested  on  2 August. 
Larvae  obtained  were  placed  individually  in  50  dram  snap  top  plastic 
pill  vials  and  provided  with  fresh  waterhyacinth  petioles.  After 
pupation,  pupae  were  placed  on  Vermiculite  in  a pie  pan  with  a wax- 
paper  lined  cage  over  them.  Adults  were  permitted  to  emerge  in  the  cage 
and  a 51  sucrose  solution  was  provided  for  food.  They  mated  and  the 
female  oviposited  on  the  waxpaper  lining.  Eggs  were  collected  from  the 
wax  paper  and  treated  in  the  sane  manner  as  the  field  collected  eggs. 

From  14  females  I obtained  2872  eggs.  Approximately  781  or  2253 
eclosed.  Due  to  the  failure  to  release  these  immediately  high  mortality 
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occurred  in  the  Jars  anfl  approxinatelj  only  1500  larvae  survived. 

These  were  released  16  August  on  a small  pond  approxinately  3.2  km 
south  of  Paynes  Prairie  on  1-75,  Alachua  Co., Florida.  The  pond  had  a 
surface  area  of  approximately  50  sq.  n.  and  was  covered  with  water- 
hyacinths  which  were  approximately  a meter  tall.  From  previous  data 
I estimated  the  density  of  the  plants  at  this  site  and  time  of  year  to 
be  about  55  per  sq.  m.  Our  Infestation  level  then  was  approximately 
0.35  larvae  per  plant  or  30  larvae  per  square  meter. 

A second  pond  0.8  km  South  of  the  first  pond  was  selected  as  a 
control.  This  site  was  somewhat  smaller  than  the  first  but  the  water- 
hyacinths  were  very  similar  In  both  density  and  height.  Both  ponds  were 
formed  at  culverts  under  the  Interstate  highway  and  both  were  formed 
from  the  same  watershed. 

Since  I hypothesized  that  the  effects  of  the  Insect  feeding  activity 
would  be  cost  evident  after  the  first  frost  no  sampling  was  done  until 
12  Decenter.  Because  of  the  destructive  nature  of  the  sampling  and 
the  small  site  of  the  ponds  and  the  amount  of  time  required  to  process 
each  sample  the  number  of  samples  taken  were  necessarily  small.  Only 
three  samples  (0.32  sq.  m.  ] were  selected  at  each  site  and  were  along 
an  east-west  transect  , the  first  being  near  the  west  bank,  the  second 
in  the  center,  and  the  third  near  the  east  bank. 

The  larvae  present  at  this  time  represented  the  F.|  generation  of 
those  released.  The  height  of  each  plant  was  measured  as  well  as  the 
plant  density,  leaf  density,  and  the  number  of  leaves  per  plant.  Insect 
damage  on  each  plant  was  measured  In  terms  of  both  leaf  and  rhiaone 
damage.  The  larvae  were  counted,  the  instar  noted  and  any  parasites 
present  wene  recorded.  One  sample  (0.32  sq.  n;. ) near  the  center  of 
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of  each  $ite  uas  collected  to  estimate  biomass.  All  living  and  dead 
material  from  this  sample  was  placed  In  a plastic  bag  and  returned  to 
our  laboratory.  The  plants  were  divided  into  petioles  [leaf  bases), 
leaves  (pseudolaminae),  rhizome,  roots,  stolons,  and  detritus  (dead 
plant  material).  They  were  placed  in  Ice  cream  cartons  and  dried  to  a 
constant  weight  in  an  oven  at  105“  C for  2-3  da.  After  drying,  the 
containers  were  allowed  to  cool  to  room  temperature  and  then  weighed 
on  a Mettler  Unloading  balance. 
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Extensive  damage  by  denec  was  evident  within  two  weelts  at  the 
release  site.  Wnlle  the  Initial  releases  were  made  In  one  small  area, 
the  larvae  raoldly  spread  over  the  entire  pond.  Within  SO  days  abundant 
egg  masses  were  noted  Indicating  the  beginning  of  a second  generation. 

At  the  tine  of  sampling  (Decenber  12)  the  Araoma  population  had 
Increased  to  52  larvae  per  sg.  n.  (Table  12)  as  compared  to  3 per  sq.  m. 
(living  larvae  at  the  control  site.  Hose  of  these  were  6th  or  7th 
instar  and  represented  the  final  stages  of  the  second  generation.  This 
population  was  equivalent  to  O.SO  larvae/plant  at  the  experimental  site 
and  only  0.03  larvae/plant  at  the  control  site. 

None  of  the  Insects  in  the  unusually  high  population  at  the 
release  site  were  parasltlaed.  Nearly  45*  of  the  larvae  In  the  relatively 
low  population  at  the  control  site  were  dead  as  a result  of  parasitism. 

After  17  weeks  of  insect  feeding  the  plants  in  the  release  site  were 
severely  damaged.  As  expected,  the  occurrence  of  a light  frost  the 
first  week  In  December  accentuated  this  damage.  Many  of  the  plants, 
although  severely  damaged  by  the  Insects,  appeared  green  and  healthy  prior 
to  this  time.  The  freealng  temperatures  killed  a large  percentage  of 
these  damaged  leaves.  At  the  control  site  only  the  tips  of  the  leaves 
suffered  damage  from  this  initial  frost.  Figures  43{a)-43(h)  show  the 
release  and  the  control  sites  In  a sequence  up  to  one  year  after  the 
initial  release.  Figure  43(c)  shows  the  release  site  after  the  first 


frost. 
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Figure  43.  A photugrephic  comparisoTi  of  the  waterhydcintil  stands  at 
esperirental  and  control  sites  at  different  times  of  the  year  following 
the  release  of  Araonz  deneo  at  the  former. 

a)  Eiperinental  site  shortly  after  the  release  of  dream  denaa 
(August  1974). 

b)  Release  site  in  October. 

c)  Release  site  after  two  generations  of  insect  damage  and  after 
the  first  winter  freezes  (January),  The  predominant  plant  is 
Hydroeotyle.  A patch  of  dead  waterhyacinth  is  noticeable  to 
Che  right. 

d)  The  release  site  in  the  spring  (March  1975).  Most  of  the  water 
is  covered  with  HydrecotyU. 

e)  The  release  site  in  July  1975  as  the  Hydraeotyle  Stand  begins 
to  open  up. 

f)  The  release  site  one  year  after  the  initial  release  (August 
1975).  The  site  is  dominated  by  cattail  (Typhu  sp.)  Notice 
the  small  stand  of  waterhyacinth  in  the  background. 

g)  The  control  site  in  the  spring  (March  1975).  Compare  this 
with  Figure  43d. 

h)  The  control  site  one  year  after  the  initiation  of  this  study. 
Compare  this  with  Figure  43f. 
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Mgure  43(D] 


igure  4j(d) 
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Figure  43(h) 
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Various  characteristics  of  the  waterhyactnth  populations  and 
estimates  of  insect  damage  are  compared  statistically  in  Table  12.  All 
of  the  plants  counted  at  the  control  site  »ere  aliue  while  351  were 
dead  at  the  release  site.  Only  17%  of  the  control  plants  had  damage 
to  the  rhiaone  while  73%  of  the  plants  had  rhizome  damage  at  the  release 
site.  Further,  only  6%  of  the  control  leaves  were  damaged  as  compered 
to  39%  at  the  release  site.  Plant  density  and  leaf  density  were  not 
significantly  different  between  the  two  sites  but  both  height  and  leaves 
per  plant  did  decrease  significantly  [33%  and  31%  respectively).  This 
indicates  that  the  plants  were  smaller  as  a result  of  Insect  attacit  but 
not  necessarily  fewer  in  number. 

Biomass  estimates  could  not  be  compared  statistically  since  only  one 
sample  per  site  was  taken.  Differences  in  biomass  between  the  sites 
were  obvious,  however,  and  are  illustrated  in  Figure  44.  The  changes  in 
blwnass  were  much  greater  than  any  of  the  morphological  characteristics 
in  Table  12.  Standing  crop  (total  living  plant  weight)  at  the  release 
site  was  only  25%  of  that  at  the  control  site.  The  change  in  stolon  weight 
was  greatest  with  a demonstrated  loss  of  06%.  This  indicates  a lack  of 
vegetative  growth  in  the  infested  plants  since  stolon  production  is 
necessary  for  offset  production.  Petioles  [leaf  bases)  and  rhizomes  de- 
creased about  B0%  sdiile  roots  decreased  only  65%.  The  total  photosynthetic 
tissue  (leaves  and  petioles)  decreased  more  than  the  non-photosynthetic 
tissue  (roots,  rhizomes  and  stolons).  At  the  release  site  these  were  21% 
and  31%  respectively  of  their  values  at  the  control  site.  This  difference 
appears  to  be  due  to  the  smaller  change  in  the  roots,  the 
attacked  by  Arsam. 
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Figure  44.  A comparison  of  the  standing  crop  of  wterhyacinths  at  the 
control  site  and  the  release  site,  Total  biomass  includes 
both  living  and  dead  plant  material,  The  photosynthetic 
mass  (green  mass)  includes  pseudolaminae  (leaves)  and 
petioles.  The  non-photosynthetic  mass  includes  roots* 
rhitomes,  and  stolons  collectively. 
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Total  bionBSS  (living  and  dead  material)  >as  only  11*  less  at  the 
release  site  than  at  the  control  site.  This  appears  to  indicate  that  net 
primary  production  «s  not  dramatically  reduced  as  a result  of  insect 
activity.  The  amount  of  this  represehted  as  detritus  (dead  material) 
more  than  doubled  at  the  release  site.  Henoe.  living  plant  material 
decreased,  dead  plant  material  increased,  but  the  total  of  the  two  showed 
little  change- 

insect  infestation  did  not  significantly  reduce  the  plant  density, 
in  fact,  a snail  increase  was  evident.  The  yield  in  bicvnass  per  sg.  m., 
however,  decreased.  This  Indicates  that  the  weight  per  plant  decreased 
more  than  Is  apparent  from  the  total  standing  crop.  Figure  45  illustrates 
the  biomass  per  plant  for  the  various  plant  parts.  In  all  cases  a greater 
change  is  noted  when  parameteriaed  In  this  manner.  The  change  in  standing 
crop,  then,  is  not  the  result  of  the  Insects  killing  a portion  of  Me 
plants  and  leaving  a portion  intact.  This  would  result  in  a smaller 
standing  crop  but  Me  weight  per  plant  change  would  be  less  Man  or  equal 
to  the  standing  crop  change.  Rather,  insect  attack  resulted  1n  a popu- 
latioh  of  smaller  plants.  These  were  probably  offsets  produced  1n 
response  to  an  increase  in  available  space  as  leaves  from  neighboring 
plants  died  thus  reducing  the  amount  of  shading  in  Me  mat, 

Since  the  degree  of  change  as  a result  of  insect  atMck  varied  with 
Me  plant  parts  the  plant  proportions  must  have  changed.  Table  13  lists 
the  ratios  of  the  various  plant  parts  at  both  sites.  In  general,  the 
plant  proportions  at  the  release  site  were  typical  of  small  plants.  The 
ratio  of  leaf  weight  to  plant  weight  was  similar  at  both  sites.  The 
ratio  of  petiole  weight  to  plant  weight  was  less  at  the  release  site 
probably  due  to  the  reduction  in  Intraspecific  competition  resulting 


Msure  <I5.  The  irass  represented  by  the  various  plant  parts  for  an 

average  waterhyacinth  plant  at  both  the  control  and  release 
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Table  13.  Ratios  of  plant  parts 


Ratio  Compared 

Pettoies:p1ant 

Rhi  zoflie:p1ant 

Root:p1ant 

Sto1on:pUnt 

Root  * Rhizone  :shoot 

Photosynthetic;plant 

Non-phDtosynthet1c:p1ant 

Leaf: petiole 

Llvingidead 


the  two  sites  on  12  Deceinber  1974. 


Control  Site 


0.50 

0.19 


0.64 

0.S9 

0.41 

0.17 

2.10 


in  less  need  for  supportive  tissue  to  display  the  leaves.  The  pro- 
portion of  the  plant  represented  by  roots  Increased  and  the  root- 
rh1zoaie:shoot  ratio  Increased.  This  Is  typical  of  small  plants 
growing  In  open  stands.  The  photosynthetic  tissue  ratio  decreased 
relative  to  the  non-photosynthetlc  tissue.  This  Is  In  contrast  to 
similar  e»oer1ments  In  a greenhouse  (see  previous  section)  where 
draom  feeding  appeared  to  result  In  a decrease  In  the  root  rhizome; 
shoot  ratio.  Since  the  surviving  plants  had  a well  developed  root 
system  at  the  release  site  they  would  have  probably  recovered  If  the 
Insects  had  been  removed  and  If  the  season  was  favorable. 
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01  scussian 

I assumed  at  the  beginning  of  this  experiment  that  parasite 
populations  mold  Increase  and  ultimately  reduce  the  Introduced 
A-rzana  ian»a  population  at  the  release  site.  By  the  end  of  the 
second  generation,  however,  this  had  hot  become  apparent.  The  popu- 
lation of  seventh  Instar  larvae  was  72t:  greater  than  the  population 
of  first  Instar  larvae  Initially  released.  Furthermore,  none  of  the 
larvae  collected  at  the  release  site  were  dead  as  a result  of  para- 
sitism while  44t  of  those  at  the  control  site  were.  Not  only  did  the 
initial  population  survive  and  reproduce  contrary  to  my  expectations 
but  It  Increased  In  the  subsequent  generation  which  was  apparently 
also  surviving  well . 

Since  this  study  was  not  designed  to  evaluate  the  population 
dynamics  of  A.  denta  I can  only  speculate  on  the  reasons  for  the  success 
of  this  population.  I feel  that  by  synchronizing  the  generations  the 
consequences  of  parasitism  were  effectively  reduced.  The  parasites  at 
this  site  may  have  been  "prograraned''  to  low  host  populations  and  over- 
lapping generations.  By  Inundating  the  natural  population  which  had 
Individuals  at  various  stages  of  development  with  the  Introduced 
population  with  indidivudals  ail  at  the  same  stage  of  develocnent  Che 
synchronization  of  the  age-specific  parasites  with  the  host  may  have  been 
imbalanced.  For  example,  if  parasites  of  the  seventh  Instar  larvae  were 
issuing  at  the  time  of  release  of  the  first  Instar  larvae  the  ability 
of  the  parasite  population  to  Increase  would  not  change.  Only  those 
parasites  that  are  present  at  the  time  that  the  introduced  host  popu- 
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svipositlonal  success.  Kence,  the  parasite  bullP-up  would  be  slower 
than  expected  as  long  as  the  host  population  remained  synchronized.  This 
assumes  negligible  recruitment  to  the  parasite  population  from  outside 
the  release  area.  This  Is  probably  not  a valid  assumption  but  the 
parasites  did  fail  to  control  d.  liensa  before  sufficient  damage  was  done 
to  the  waterhyaclnth  population.  I |)$nt  to  conduct  a similar  study 
including  a life  table  analysis  of  a field  released  population  of  A.  danta 
in  the  future. 


The  responses  of  the  p1snt  population  to  fnsect  feeding  tend  to 
verify  similar  experiments  using  greenhouse  cultures  of  waterh/acinth. 
Plant  density  increased  a small  amount  but  this  was  probably  an 
opportunistic  response  to  available  space  as  the  larger  plants  initially 
present  died  and  light  penetration  increased.  The  degree  of  this 
response  appears  to  be  related  to  the  quantity  of  light  available  and 
is  probably  seasonal  in  nature.  The  plants  produced  were  much  smaller 
thus  floating  higher  in  the  water  and  were  probably  more  susceptible 
to  temperature  extremes. 

A reduction  in  the  leaf  canopy  was  apparent  as  height,  leaf  density, 
number  of  leaves  per  plant,  and  the  biomass  of  photosynthetic  organs 
decreased.  This  does  not  necessarily  indicate  a reduction  in  net  pro- 
ductivity since  smaller  plants  tend  to  be  more  efficient  than  larger 
ones  (Browne  »t  al.  1974),  The  proportion  of  the  plant  represented  as 
leaf  blades  did  not  change  while  the  proportion  represented  as  roots 
increased.  The  major  change  appeared  to  be  in  the  petiole  proportion 
which  is  primarily  a structure  for  supporting  and  displaying  the  leaves. 
In  this  open  stand  this  supportive  structure  would  not  he  as  ixxjortant 
as  in  a dense  stand,  As  a result  the  relative  photosynthetic  ability 
of  the  plant  per  gram  of  bicxnass  was  probably  not  affected  but  the 
relative  ability  to  absorb  nutrients  probably  Increased.  This  is 
reflected  in  the  increased  root-rhizome  to  shoot  ratio.  In  the  green- 
house studies  a decrease  in  the  root-rhizc«ne:shoat  ratio  was  evident. 

This  Is  in  contrast  to  the  increase  noted  here.  Perhaps,  in  the  former 
case,  an  insufficient  amount  of  time  was  available  for  root  regrowth 
prior  to  harvesting.  The  plants  produced  at  the  release  site  in  the 
field  experiment  were  much  more  typtcel  of  small  plants  growing  in 
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open  sund  than  were  those  fn  the  greenhouse  experiments. 

The  small  difference  1n  total  biomass  present  tends  to  substantiate 
the  feeling  that  net  productivity  was  not  reduced.  A number  of 
explanations  are  possible  for  this.  Productivity  at  this  time  of  year  may 
be  low,  hence  what  was  measured  was  merely  the  amount  initially  present. 
This  is  possible  since  I have  noted  in  other  studies  that  the  standing 
crop  begins  to  decline  in  late  sunmer.  A second  explanation  is  that  the 
insect  Infestation  decreases  intraspecific  competition  thereby  increasing 
the  productivity  of  the  remaining  plants.  This  increased  productivity 
may  make  up  part  of  the  difference  caused  by  the  insects. 

Jameson  (1963)  pointed  out  that  carbohydrate  storage  is  directly 

storage  In  waterhyacinths  is  the  rhizome  (Penfound  and  Earl,  1948)  then 
the  feeding  activity  of  Araana  severely  reduced  the  carbohydrate  reserves  . 
This  is  Illustrated  in  Figure  45  where  the  rhizome  weight  per  plant  at  the 
release  site  is  only  151  of  that  at  the  control  site.  Harris  (1973) 
stated,  however,  that  an  injury  that  lowers  carbohydrate  levels  either 
directly  or  indirectly  by  stimulating  auxin  production  and  growth  Is 
likely  to  be  partly  compensated  for  by  an  increase  In  photosynthetic 
efficiency. 

Penfound  and  Earle  (1948)  found  that  the  rhizome  length  remains 
fairly  constant  throughout  the  growing  season.  They  attributed  this  to 
an  equilibrium  between  rates  of  decay  at  the  older  portion  and  rates  of 
Increase  at  the  crown.  If  this  is  true  we  nay  assume  Chat  carbohydrate 

are  sufficient  to  maintain  the  plant  through  the  winter  and  provide 
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sufflctent  energy  for  regrowth  1n  the  spring.  By  reducing  these  reserves 
the  effect  of  the  insect  infestetion  was  that  of  decreasing  the  winter 
hardiness  of  the  plants  and  preventing  regrowth  in  Che  spring.  ‘ 

While  total  biomass  showed  little  change  between  the  two  sites  the 
turnover  rate  obviously  was  greater  at  the  release  site  and  accounted  for 
Che  decrease  in  standing  crop.  This  is  manifest  in  the  increased  deCrita! 
production.  The  ratio  of  dead;living  plant  material  was  almost  nine 
times  greater  at  the  release  site  than  at  the  control  site. 

Following  the  decline  in  the  waterhyacinth  population  several  changes 
in  the  species  composition  were  noted  at  the  release  site.  In  August, 
at  the  time  of  release,  the  pond  was  covered  with  a pure  stand  of  water- 
hyacinth  (Figure  43(a)).  By  October  a large  proportion  of  the  leaves  were 
beginning  to  wilt  and  become  brown  and  Hydroaotyle  had  begun  to  appear 
amongst  the  waterhyacinth  plants  (Figure  43(b)).  In  January  only  a few 
patches  of  dead  waterhyacinth  were  evident  (Figure  43(c))  and  hydrocotyle 
dominated  the  surface  although  there  were  some  areas  of  open  water. 
Hydrocotyle  increased  and  by  March  (Figure  43(d))  it  covered  the  entire 
surface  of  the  pond.  In  July  the  surface  had  again  begun  to  open  and 
hydrocotyle  was  less  dominant.  A mixture  of  Hydroaoti/lt,  PoTygomn, 

5Jd«ns,  and  Ludjigits  was  present  and  the  small  stand  of  T^pha  had  begun 
to  expand  (Figure  43(e)).  Waterhyacinth  was  again  present  but  only  in  a 
small  patch  on  the  southeast  side.  By  mid-August  Updrocotula  was  present 
only  in  small  patches  and  T^pAu  was  dominant.  Waterhyacinth  was  present 
in  a pure  stand  the  whole  year  at  the  control  site  with  the  exception 
of  a small  fringe  of  Hgdr-xotjilt  which  eppeared  in  the  spring. 

I had  expected  waterhyacinth  to  reoccupy  and  dominate  the  pond  at 
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the  release  site  6y  early  suimer  but,  this  did  not  occur.  Apparently 
the  other  species  had  sufficient  time  to  become  established  and  prevent 
the  spread  of  the  Naterhyacinths  Into  the  center  of  the  pond.  All  of  the 
plants  mentioned  earlier  are  rooted  and  may  form  a physical  barrier  to 
Che  waterhyacinths.  The  long  tern  success  in  controlling  xaterhyacinth 
eiperienced  at  this  site  Miu1d  probably  not  occur  where  the  water  was 
too  deep  for  rooted  emergents  to  gain  a firm  foothold  and  occupy  the 
space  available.  In  this  situation  the  waterhyacinths  would  rHdily 
float  in  from  other  areas  and  again  become  doninant,  Nevertheless,  I 
feel  that  this  study  has  shown  not  only  that  waterhyacinth  is  vulnerable 
Co  biological  control  and  that  this  control  can  be  achieved,  at  least 
temporarily,  by  the  manipulation  of  populations  of  native  insects.  It  has 
also  proven  the  overall  effectiveness  of  Araona  denes  as  a control  agent. 
Harris  (1973}  has  suggested  that  in  some  cases  we  may  need  an  infestation 
of  one  insect  to  reduce  the  Infestation  of  a weed  and  a second  one  to 
keep  it  low.  Perhaps  indigenous  insect  populations,  such  as  Arecmu  danoa, 
can  be  used  to  initially  reduce  Che  weed  infestation  with  subsequent 
releases  of  exotic  insects,  such  as  ffaoohetsru  spp.,  to  exert  a more 
constant  stress  and  maintain  a low  weed  infestation. 


CHAPTER  IV 


WTES  ON  THE  BIONOMICS  AND  POPULATION  DYNAMICS  OF  ASZAM  DSSSA  HLK. 

Introduction 

Anana  damn  Walker  (Noctuidae:  Atnphlpyrlnae)  is  a large  moth  whose 
larvae  are  semi-aquatic  in  habit,  The  taxonomy  of  its  species  group  is 
poorly  understood  and  deserves  further  attention  (see  literature  review 
section).  It  is  obviously  closely  allied  to  the  species  generally  included 
in  the  genus  Ballura  as  both  adult  morphology  and  larval  habits  show 
striking  similarities.  The  separation  of  these  species  into  two  genera  is 
based  largely  on  the  armature  of  the  frons  and  characteristics  of  the 
antennae.  Todd  (pers.  con.)  feels  that  the  validity  of  these  characters  is 
questionable  and  two  are  probably  congeners.  He  therefore  proposes  the  com- 
bination Ballura  dema  (Nik.)  as  propen  for  this  species  and  further  sug- 
gests that  it  may  be  conspecific  with  S.  gartynaidea  Hik.  as  proposed  by 
Smith  (less).  Because  the  status  of  this  group  is  questionable  I have  used 
the  name  /trauma  df\aa  Wlk.  throughout  this  dissertation.  It  must  be  pointed 
out  that  this  may  not  be  a valid  name  and  future  taxonomic  studies  are 
needed.  While  I agree  that  Ballvra  and  Arzma  are  probably  congeneric,  1 do 
not  feel  that  A.  denaa  and  B.  gaHymides are  conspecific.  I have  had  the 
opportunity  to  observe  both  species  in  the  inanature  stages  and  from  the 
viewpoint  of  a nontaxonomist  they  certainly  appear  to  be  distinct.  In  order 
to  resolve  the  taxonomic  relationships  within  this  group  larval  characters, 
oviposition  behavior,  host  plant  preferences,  and  other  aspects  of  the  bio- 
logy and  iimiature  stages  should  be  considered  in  a bio-systematic  approach. 

This  study  was  not  designed  to  investigate  the  life  history  of  Ar-scma 
danta  as  it  was  originally  assumed  that  this  had  been  adequately  investi- 
gated by  Vogel  and  Oliver  (1960).  In  the  course  of  my  experiments 
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and  field  studies,  however,  1 have  accumulated  many  observations  on  the 
bionomics  of  this  species  which  I feel  are  significant.  1 will  present 
these  observations  at  this  point,  but  since  the  methods  employed  are 
diverse.  I will  omit  a methods  seotion  and  instead  explain  them  as  the 
results  are  presented. 

The  eggs  of  A.  dmw  are  laid  in  a mass  on  the  upper  surface  of  the 
leaves  of  Sichhomia  oraaeipes  (Hart.)  Solms  or  Pontudaria  sp.  The  egg 
mass  is  very  similar  to  that  described  by  Riiey  (18B3a,  p.  174)  for  draima 
ebliqmut  (■  Bmllura  oilvTua)  as  "broadly  convex  or  plano-convex  masses 
enveloped  In  hair,  and  a cream  colored  mucous  secretion".  Vogel  and 
Oliver  (1969)  described  the  masses  as  being  covered  with  light  yellow 
body  hairs.  The  egg  masses  I have  observed  have  been  tan  or  creme  colored 
rather  than  yellow.  Vogel  and  Olvier  (1969)  further  indicated  that  each 
egg  mass  contained  30-40  eggs.  From  11  masses  collected  in  1973  from 
waterhyacinth  I have  found  the  range  to  be  19-66  with  an  average  of  42 
(♦  14.57  s.d.).  Further,  1 have  frequently  found  eggs  laid  singly  or 
in  groups  of  two  or  three  often  on  the  petiole  of  a leaf  near  the  plant 
base.  These  are  usually  not  provided  with  a covering  and  may  be  left 
by  a resting  female  as  an  artifact  of  a previous  egg  extrusion.  I have 
frequently  noted  a few  eggs  clinging  to  the  abdomens  of  caged  females 
after  oviposition.  These  remnants  may  account  for  the  single  ovipositions 
noted  in  the  field. 

Frtm  these  same  caged  females  I have  observed  that  Che  eggs  are  not 
deposited  in  clusters  when  provided  with  an  artificial  substrate  (i.e. 
wax  paper,  guaze),  Hhen  leaf  bouquets  are  available  the  eggs  deposited 
on  the  leaves  are  usually  in  the  typical  masses.  This  suggests  that  this 
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clustering  mode  of  ovipositior  Is  somehow  stimulated  by  the  plant. 

First  Instars  were  rarely  encountered  In  the  field.  This  appear 
to  be  due  to  their  short  stadium,  small  size,  and  Inconspicuous  feeding 
damage.  Vogel  and  Oliver  (1969b.  p.  261)  Indicated  that  "young  larvae 
were  found  feeding  on  tender  basal  stems  and  young  foliage"  but  made  no 
specific  reference  to  the  first  Instar.  Welch  (1914)  reported  that  BelUtra 
Kalmopyga  Grt.  went  though  two  feeding  periods.  The  first  was  a leaf 
mining  period  In  which  the  early  Instars  feed  In  the  leaf  blade  of 
Symphaaa  (^yuplur)  omariaona.  The  second  period  was  a petiole  period 
in  which  the  older  larvae  burrowed  Into  the  leaf  petiole.  This 
phenomenon  was  also  observed  by  Claassen  (1921)  with  Bsllura  dbliqua 
(Hlk.)  on  Tupha  latifolia  L.  I have  found  In  the  laboratory  that  when 
neonate  k.  denan  larvae  are  provided  only  with  waterfiyaclnth  leaves  they 
will  form  leaf  mines  and  feed  between  the  upper  and  lower  epidermis. 

They  will  also  feed  eitemally  aggregating  in  folds  In  the  leaf  blade. 

In  the  field  1 have  never  found  the  first  Instar  In  leaf  mines.  I have 
found  them  In  shallow  burrows  In  the  petiole  Just  under  the  epidermis 
1n  the  region  of  the  leaf  Isthmus.  I have  more  frepuently  found  them 
at  the  base  of  the  plant  usually  between  a leaf  petiole  and  the  leaf 
sheath  or  a wrapper  leaf.  This  Is  consistent  with  Vogel  and  Oliver's 
(1969b)  observations.  In  a few  Instances  where  I have  found  egg  masses 
on  Pontadarux  there  was  evidence  of  larval  mines  within  the  leaf  blade. 

Small  exit  holes  through  the  leaf  are  frequently  present  under  an  egg 
mass  Indicating  that  the  larvae  burrow  through  the  leaf  upon  encloslon. 
Those  individuals  which  do  mine  the  leaves  would  be  easily  overlooked 
and  may  partially  account  for  the  relatively  few  first  Instar  larvae 
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observeil  In  tne  f(e1d. 

Second  and  third  instars  are  found  in  a variety  of  places.  They 
are  imst  often  located  at  the  base  of  the  plant  frequently  between 
two  tightly  oppressed  petioles  or  under  a wrapper  leaf  usually  feeding  on 
new  leaf  growth.  Occasionally  they  will  form  burrows  within  a petiole 
or  shallow  grooves  on  Che  outside  of  a petiole.  By  the  fourth  instar  they 
become  almost  exclusively  internal  feeders,  boring  the  petioles  and  feed- 
ing on  the  apical  tip  of  the  rhizone.  By  the  sixth  instar  they  create 
large  burrows  doing  considerable  damage  to  the  petioles  and  may  bore 
three  or  four  centimeters  into  the  crown.  The  most  extensive  damage  is 
created  by  the  seventh  instar.  The  tunnels  may  extend  into  three  or  four 
adjacent  petioles,  the  full  length  of  Che  rhizome,  even  through  the  stolon 
into  an  adjacent  plant,  The  damage  to  the  rhizome  may  be  so  extensive 
as  to  cause  severe  rotting  and  fragmentation. 

Pupation  occurs  within  a petiole  usually  in  the  basal  portion.  A 
pupal  chamber  is  hallowed  out  and  a window  is  opened  2-3  cm.  above  Che 
pupa  to  permit  egress  of  the  adult.  No  cocoon  is  formed  although  a 
silken  suspensory  apparatus  may  be  constructed  below  the  abdomen  to 
cradle  the  pupa  within  the  burrow.  The  pupa  is  oriented  parallel  to  the 
long  axis  of  the  petiole  with  the  head  toward  the  distal  end.  Occasionally 
pupation  occurs  in  the  rhizcme. 

The  adults  seem  to  rest  during  the  day  withing  the  foliage  of  the 
waterhyacinth  mat  or  in  the  vegetation  along  the  shoreline.  They  are 
quite  ecCive  at  night  end  are  frequently  collected  at  light  traps  (frost 
1975).  I have  found  in  the  laboratory  that  females  may  mate  and  oviposit 
within  a few  hours  after  emergence  when  caged  with  males  in  the  dark. 

This  indicates  a very  brief  pre-ovipositional  period.  To  confirm  this  1 
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dissected  a 10  day  old  female  pupa  and  found  fully  formed  eggs.  It 
appears  ttien  that  oviposition  can  occur  almost  innedlately  after 
emergence  and  mating. 

Fecundl ty 

Several  pupae  Mere  collected  from  wacernyadnths  In  July  1973. 

These  were  individually  placed  in  baby  food  jars  which  were  held  in  sealed 
aquaria  lined  with  damp  paper  towelling.  Upon  emergence  a single  male 
was  paired  with  a single  female  in  a one  gallon  ice  cream  carton.  The 
adults  and  pupae  were  held  in  an  environmental  chamber  at  2?Ci  18:8  L:D 
photoperiod.  In  all.  five  pairs  of  adults  were  obtained  from  the  field 
collected  pupae.  The  cartons  were  checked  daily  for  eggs.  The  eggs  were 
removed  and  counted,  held  in  baby  food  jars  in  the  manner  described  in 
Section  2.  and  allowed  to  eclose.  The  neonates  were  removed  each  day  and 
the  egg  developmental  time  noted.  These  results  are  sunmarited  in 
Table  14.  The  average  fecundity  was  225  eggs/fenale.  72. 6X  were  laid  on 
the  first  day  although  oviposltion  generally  continued  for  three  days. 
Viability  was  BO. 7*  and  the  average  developmental  tine  was  5.6  da. 

Fecundity  was  checked  again  when  larvae  were  reared  for  a field 
release  (Section  3).  The  pupa  were  placed  in  vermicuHte®and  held 
in  a cage  constructed  of  hardware  cloth  and  lined  with  wax  paper.  In- 
stead of  isolating  pairs  of  adults  all  were  kept  in  the  cage  and  fed 
a sucrose  solution.  A total  of  18  males  and  17  females  were  reared 
{rf;^sex  ratio  • 1.06:1).  Three  females  emerged  after  the  death  of 
the  last  male  and  did  not  contribute  fertile  eggs.  From  the  14  females 
that  did  nete  2872  eggs  were  obtained.  This  represents  an  average  of 
205  eggs  per  female.  Only  4.49X  of  the  eggs  were  sterile.  17.061  were 
fertile  but  failed  to  eclose,  and  78.451  eclosed.  Both  of  these  estimates 
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(205  and  225  eggs/  ] are  lower  than  that  of  Vogel  and  Oliver  1959b- 
Tbey  reported  an  average  of  32S  eggs  per  female  with  8.25Z  Infertility 
based  on  10  mated  females. 
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Table  14.  Fecundity,  egg  viability,  and  egg  stadia  for  S female 
Arsom  dtma  collected  as  pupae  in  the  field  and  mated 
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Duration  of  Developmental  Stages 
first,  second,  and  third  Instar  larvae  were  obtained  from  field 
collections  and  from  laboratory  reared  material.  Urvae  were  placed 
individually  in  1 oz.  diet  cups  and  provided  with  petiole  sections  fron 
either  Hahhomia  araseipae  or  Pontedaria  cordata.  The  cups  were  kept 
1n  an  envlromental  chamber  at  25“  C and  16:6  LiD  photoperiod.  The 
plant  material  was  checked  daily  and  replaced  as  needed.  The  larval 
Instar  was  also  checked  dally  and  recorded  for  each  cup.  Heed  capsules 
were  saved  and  later  measured.  Table  15  simarizes  the  developmental  data 
from  this  study.  Only  three  larvae  pupated  and  this  occurred  following 
the  seventh  Instar.  I feel  that  this  Is  the  typical  number  of  instars. 
Other  larvae  went  Into  eighth  and  ninth  Instars  before  death  occurred. 

The  presence  of  extra  Instars  is  typical  In  laboratory  reared  Lepidoptera 
when  under  stress  (Leppla,  pers.  comm.).  Several  factors  may  have  been 
responsible  In  this  study.  The  cups  used  to  contain  the  larvae  were 
samll.  They  were  translucent  and  not  transparent.  The  larvae  may  need 
rhizome  material  at  some  stage  In  their  life  and  they  were  only  fed 
petioles.  Humidity  was  nigh  in  the  cups  as  condensation  was  frequently 
noted.  Hence,  light,  humidity,  space,  food  quantity  and  food  quality 
could  have  become  stress  factors  ultimately  resulting  1n  these  extra 
molts.  Developmental  data  was  Included  for  these  individuals  only 
through  the  seventh  instar. 

Total  developmental  tine  was  estimated  indirectly  from  the 
greenhouse  experiment  testing  the  effects  of  X.  danta  damage  on  water- 
hyacinth  (Section  2).  The  approximate  age  of  the  larvae  was  known  at  the 
tine  of  the  release.  The  proportion  represented  as  larvae,  pupae,  and 
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and  adults  (estinatad  from  pupal  exuvia)  was  measured  at  the  tine  of 
harvesting  (35  and  « da  post  egg  collection). The  larvae  collected  were 
fed  petiole  sections  until  they  pupated  and  the  pupae  were  held  until 
they  emerged-  A cumulative  tally  was  kept  on  the  nufidier  of  adults 
emerging  and  the  nutAer  of  eggs  deposited.  These  figures  were  later 
converted  to  daily  cumulative  percentages  based  on  the  final  totals. 

The  probit  was  derived  from  a conversion  cable  for  the  cumulative 
percenuge  of  each  of  these  and  plotted  against  the  log  of  the  number 
of  days  following  egg  collection.  By  fitting  a line  to  these  points 
the  day  upon  which  501  of  the  population  transformed  into  pupae  or 
adults  or  the  time  at  which  50*  of  the  eggs  were  deposited  was  esti- 
mated. These  probit  analyses  are  illustrated  in  Figure  46-  This 
technique  should  be  valid  since  the  probability  of  occurrence  of  these 
events  is  a sigmoid  curve  as  a function  of  tine.  The  vertical  vectors 
in  Figure  46  indicate  the  points  that  the  probit  line  crosses  the  S.O 
probit.  This  represents  the  501  probability  for  occurrence  of  that 
event  and  in  a normally  distributed  population  estimates  the  mean  [see 
Andrewartha.  1361,  p.  65).  The  estimated  dates  of  pupation,  adult 
emergence,  and  ovposition  are  42.  50.  end  62  days  respectively.  It 
may  be  noted  that  this  predicts  the  emergence  of  the  adults  2 days  prior 
to  ovipDSition.  This  suggests  a preoviposition  period  which  is  in- 
consistent with  my  previous  findings.  When  the  energence  of  males  and 
fefsales  is  plotted  separately,  however,  the  predicted  average  emergence 
date  for  the  males  is  48  da  and  for  the  females  52  da.  This  is  consistent 
with  the  lack  of  a prolonged  preoviposition  period  noted  earlier. 

Considering  that  these  time  periods  are  established  from  the 
date  the  eggs  are  collected  and  not  from  the  date  of  oviposttidn  the 


Figure  46. 


Probit  analyses  for  developmental  tines  of  a greenhou 
reared  population  of  /trsona  denm.  The  vertical  vector 

for  pupation,  adult  emergence,  and  oviposition  respect 
were  reached. 


283 


values  ray  be  underestimated,  The  addition  of  6 da  (egg  developmental 
period)  ray  be  added  to  tliese  figures  to  bracket  the  estimate,  Hence 
pupation  occurs  42>48  da  post-pov1pos1tlon,  adult  emergence  50>86  da 
(rales  48-S4;  females  52-58),  and  oviposiclon  52-56  da.  This  confonrs 
to  the  hypothesited  developmental  schedule  given  In  Table  15  developed 
from  direct  laboratory  observations.  By  summing  the  develofmental  times 
for  each  instar  In  Table  15  pupation  is  expected  at  46  da  post-ovipositlor 
and  adult  emergence  at  56  da.  This  Is  considerably  less  than  Vogel 
and  Oliver's  (1969)  estimates  but  they  reared  their  larvae  on  an  arti- 
ficial medium  and  at  a lower  temperature,  1 suspect  that  these  two 
factors  account  for  the  difference. 

In  attempting  to  rear  large  numbers  of  A.  dsnaa  larvae  for  other 
experiments  I have  used  this  data  to  estimate  the  time  at  which  I should 
harvest  the  plants  to  obtain  primarily  pupae.  Eggs  were  collected  in  the 
field  and  neonates  reared  in  the  laboratory.  The  first  instar  larvae 
were  placed  on  waterhyaclnth  plants  in  tan  large  troughs  in  an  airhouse. 
The  plants  were  harvested  frcn  each  trough  between  43  and  48  da  after 
the  collection  of  the  eggs.  In  all  cases  50i  or  more  of  the  insects 
recovered  were  pupae.  Hence,  1 feel  that  the  developmental  data  pre- 
sented here  is  reasonably  accurate. 

The  data  for  head  capsule  measurements  and  the  larval  age  at 
each  molt  Is  summarized  in  Figure  47.  The  cross  bars  represent  the 
standard  deviation  for  each  parameter  and  the  point  of  intersection 
represents  the  means.  The  figure  to  the  right  and  the  figure  below 
represent  the  number  of  observations  in  the  mean  for  the  head  capsule 
measurement  and  the  age  respectively,  The  figure  above  represents  the 
instar  these  figures  are  derived  from.  I have  found  the  head  capsule 


Figure  47.  The  heed  capsule  diameter  of  4eaom  denaa  larvae  at  each 
molt  plotted  against  the  larva!  age.  The  data  Mas  derived 
from  larvae  reared  in  cups  containing  pickerelNeed  or  water 
hyacinth  petiole  sections  in  an  environmental  chamber  at 
2b*C  and  14:10  L:0  photophase.  The  stars  represent  the 
head  capsule  site  of  6th  and  7th  instar  field  collected 
larvae  and  extend  the  trend  to  that  expected  had  the  larvae 
developed  "nonnaliy." 


?8E 


(leasurereents  for  the  first  5 Instars  very  useful  for  identifying  the 
stages  of  field  collected  larvae,  The  values  for  the  sixth  and 
seventh  instars,  however,  seem  to  be  much  smaller  than  those  from  the 
field.  These  data  are  suspect  ahd  the  smaller  site  nay  have  resulted 
from  the  rearing  conditions. 
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Population  Cycles 

Vogel  and  Oliver  (1S69b)  felt  that  Apnam  denta  produced  at  least 
2 and  possiBly  3 generations  per  year  in  Louisiana-  TBeir  estimate  was 
based  on  their  determination  of  the  length  of  the  developmental  period 
and  a 120  day  winter  diapause-  Larvae  were  present  at  all  times  of  the 
year,  however,  and  appeared  to  be  most  abundant  in  September  and  October 
{Vogel  and  Oliver  ig89a). 

Larvae  were  sampled  from  1 Hay  1974  to  30  April  197S  at  weekly 
intervals  on  Lake  Alice,  Gainesville,  Florida  from  the  sampling  plots 
described  in  Section  1-  The  larvae  collected  were  placed  in  snap  top 
pill  vials  and  returned  to  the  laboratory-  They  were  maintained  by 
feeding  them  waterhyacihth  petiole  sections-  Each  larva  was  classified 
as  to  instar  at  the  time  of  collection-  If  they  died  I atte«V)ted  to 
establish  the  cause  of  death-  When  parasites  emerged  they  were  identified  - 
If  no  parasites  issued  shortly  after  the  death  of  the  larvae  they  were 
checked  for  diseases  by  Or-  George  Allen-  Dead  larvae  collected  in  the 
field  were  handled  Che  same  way-  Parasite  pupae  found  in  Araana 
burrows  were  collected  and  reared,  Pupal  exuviae  were  noted  as  well  as 
the  probable  instar  of  the  dead  host  larva- 

Figure  48  illustrates  the  total  population  density  of  4,  d*nea 
larvae  and  pupae  on  Lake  Alice  for  the  1974-75  sampling  period-  This 
includes  all  larvae  both  living  and  dead.  The  same  data  is  presented 
In  Figure  49  by  individual  instar-  VIhlle  eggs  were  seldom  encountered 
by  sampling  they  were  noted  in  the  field  from  September  through  Harch- 
This  information  indicates  the  existence  of  continuously  brooded,  over- 
lapping generations,  Eggs  were  most  abundant  in  January  and  February 
which  leads  me  to  believe  that  no  winter  reproductive  diapause  occurs- 
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A smirier  decline  in  the  population  is  evident  from  the  data,  from 
early  Hay  through  late  July  A.  denea  1s  rare  on  Lake  Alice.  I have 
frequently  required  eggs  during  the  sunnier  for  various  reasons.  Since 
they  were  unavailable  on  waterhyacintn,  stands  of  PontedeFia  sp.  at 
Putnam  Hall,  Putnam  Co.,  Fla.  and  at  Paynes  Prairie,  Alachua  Co..  Fla. 
were  checked.  Eggs  and  larvae  were  found  to  be  present  throughout  the 
summer.  No  population  studies  were  conducted  on  this  host  plant  but  the 
need  for  these  studies  is  evident.  Pantaderia  seems  to  be  the  primary 
host  for  4.  dsnaa  and  an  understanding  of  the  population  cycles  on  this 
host  would  be  an  invaluable  in  interpreting  seasonal  population  differences 
on  waterhyacinth. 

Mortality 

Because  of  the  lack  of  data  with  regard  to  egg  counts  1 have  very 
little  information  on  egg  mortality  from  populations  on  waterhyacintn. 

From  9 egg  masses  collected  between  September  and  December  197d  the  range 
of  egg  parasitism  by  the  scelinoid  Talenomua  araarae  Riley  was  between 
0 and  681  (average  • 26*).  Because  mortality  was  not  always  complete 
these  figures  are  affected  by  the  age  of  the  eggs.  Further,  many  egg 
masses  were  collected  after  the  larvae  and  the  adult  parasites  had 
emerged  and  it  was  difficult  to  determine  whether  the  chorion  of  a 
particular  egg  had  been  vacated  by  a larva  or  a parasite. 

To  further  estimate  egg  mortality  80  eggs  were  collected  from  a 
caged  female.  The  eggs  were  laid  on  gauze  and  were  deposited  in  single 
layers  rather  thah  in  the  typical  convex  masses.  The  gauze  was  cut  up 
so  as  to  partition  the  eggs  into  4 groups  of  20  eggs  each.  These  were 
placed  on  waterhyacinth  leaves  on  a small  pond  near  Paynes  Prairie  on 
4 September  1973.  They  were  left  on  the  plants  for  4 days,  recollected 
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and  placed  !n  petri  disdes  unci1  a11  of  tde  egg  parasttes  emerged.  By 
17  September  (13  da.  post-oviposition)  80  adult  T.  orMroa  had  Issued 
resulting  1n  lODi  egg  parasltizm.  This  leads  me  to  believe  that  the 
layered  conformation  of  the  typical  egg  mass  protects  the  lower  layers 
of  eggs  from  this  parasite.  Subsequent  preliminary  examinations  of 
parasitlaed  egg  clusters  Indicate  that  only  the  outside  layer  of  eggs 
are  parasitized.  The  thick  coating  over  the  eggs  probably  prevents  the 
parasites  from  working  their  way  down  In  between  layers.  Because  of  the 
short  ovipositor  of  this  parasite  only  the  outermost  layer  of  eggs  is 
vulnerable  to  attack.  Since  only  about  one  third  of  the  eggs  are  so 
protected  I would  expect  the  maximum  egg  mortality  due  to  this  parasite 
to  be  about  67i.  1 have  collected  eggs  for  rearing  purposes  from  various 

locations  at  all  times  of  the  year  and  have  faund  T.  orsanue  continually 
present. 

Vogel  and  Oliver  (igS9b)  Indicated  that  a second  egg  parasite. 
/Im»tatu3  sp. , was  present  In  Louisiana.  1 have  not  found  this  In 
Florida.  I have  found  the  ladybird  larva,  dtoZemegiZZa  immlaCa  DeGeer, 
cwmonly  feeding  on  the  eggs  on  Pontsdena  sp.  Vogel  and  Oliver 
(1969b)  also  list  this  species.  I have  further  found  an  unidentified 
cecidonylld  larva  coemonly  attacking  the  eggs  on  Pmtsdti-ia. 

Figure  49  Illustrates  the  structure  of  the  A.  denaa  population  based 
on  larval  and  pupal  Instars.  The  susceptibility  of  a particular  Instar 
to  sampling  Is  dependent  upon  the  length  of  the  stadium  and  the  prominence 
of  the  damage.  The  duration  of  the  seventh  larval  stadium  Is  approximately 
three  times  as  long  as  the  first  larval  stadium.  Damage  by  the  seventh 
Instar  larva  1s  very  conspicuous  and  easily  detected  while  damage  by 
the  youngerlarvae  Is  less  so.  I believe  that  this  accounts  for  the 
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aopsrent  predoninance  of  the  latter  stages  in  the  life  cycle.  This 
together  w1tii  the  Urge  degree  of  overlap  between  generations  makes 
analyses  of  age-spedfic  mortality  factors  extremely  difficult. 

Figure  60  Illustrates  the  annual  curves  for  the  density  of  larvae 
and  pupae  collectively  and  population  mortality.  The  percent  mortality 
is  derived  from  the  number  of  individuals  found  dead  in  the  field 
relative  to  the  total  living  and  dead.  The  mortality  curve  shows  a 
configuration  very  similar  to  the  population  curve  but  lags  slightly 
behind  it.  This  would  be  expected  when  most  of  the  mortality  is  due  to 
parasitolds.  Higher  parasitism  occurs  when  the  population  Is  high  but 
nortality  as  a result  of  this  parasitism  does  not  occur  until  somewhat 

The  data  for  the  total  annual  population  counts  and  the  proportion 
of  each  instar  found  dead  Is  sunmarized  in  Table  16.  It  is  apparent 
that  most  of  the  mortality  observed  In  the  field  occurred  during  the 
fourth  and  seventh  larval  stadia.  This  was  primarily  the  result  of 
parasitism  by  CeanpolatiB  sp.  oxyius  grp,  (Ichneumonidae)  to  the  fourth 
instar  and  by  Lydella  sp.  (Tachinidae)  to  the  seventh  instar. 

Figure  51  siaimarizes  the  population  data  for  the  4th  and  7th  Instar 
larvae.  Illustrated  for  each  instar  is  the  percentage  of  the  toUl  found 
dead  in  the  field  and  the  percentage  parasitized  but  still  living.  The 
dashed  lines  Indicating  the  number  escaping  Is  an  estimate  of  the  nianber 
of  living  larvae  free  of  parasites  and  pathogens.  Parasitism  by  lydelZa 
and  Caspolatis  is  high  throughout  the  year.  A few  7th  instar  larvae 
die  as  a result  of  infection  by  the  microsporidian  Scama  naoatrix 
and  other  causes  but  the  lujority  of  the  total  observed  mortality  is  a 
result  of  parasitolds. 
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Figure  51 . 


The  total  number  of  4th  and  7th  instar  A'nam  dansa 
larvae  per  square  meter  as  estimated  fron  samples  taken 
from  the  marsh  site  of  Lake  Alice.  The  solid  lines 
represent  the  total  number  of  larvae  encountered.  The 
dotted  lines  represent  the  number  of  that  total  which 
showed  no  signs  of  parsitism  or  diseases.  The  vertical 
bars  depict  the  percentage  of  the  total  affected  by  the 
various  mortality  factors. 
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Because  of  the  extreme  degree  of  overlap  1n  generations  and  be- 
cause the  Influence  of  ouUide  populations  from  a second  host  plant  is 
not  know  analyses  of  the  population  dynamics  and  mortality  factors  is 
extremely  difficult.  In  general,  I hypothesize  that  mortality  of  the 
eggs,  4th  instar  larvae,  and  7th  Instar  larvae  are  the  important 
factors  regulating  the  population.  Following  is  a hypothetical  explanation 
of  the  seasonal  trends  based  on  the  available  data. 

During  the  Summer,  populations  of  host  larvae  are  very  low,  hence, 
the  parasltoid  populations  would  be  expected  to  be  low.  As  a result 
a larval  buildup  becomes  possible  in  the  fall  and  early  winter  as  the 
parasite  populations  fail  to  respond  quickly  enough  to  eliminate  the 
host.  The  parasite  buildup  is  probably  slow  as  the  host  population  never 
becomes  exceedingly  high.  As  a result  enough  larvae  escape  to  permit 
the  observed  fall  buildup.  By  early  winter  a general  decline  becomes 
apparent  in  the  4.  dtnsa  population  presumably  as  a result  of  the  increased 
parasite  pressure.  The  population  appears  to  begin  to  oscillate  at  this 
time.  By  late  winter  lOM  mortality  occurs  consistently  to  both  4th  and 
7th  instar  larvae.  The  final  population  buildup  occurs  In  early  spring. 
Apparently  the  parasltoid  population  is  high  and  allows  tew  host  larvae 
to  escape.  The  few  7th  insUr  larvae  that  survive  to  pupate  emerge  as 
adults,  and  oviposit  in  the  spring  producing  progeny  subject  to  severe 
parasite  pressure.  The  majority  of  the  larvae  escaping  the  egg  parasius 
are  parasitized  by  CmpotaHe  sp.  and  fail  to  survive  through  the  fourth 
instar.  Those  that  do  survive  are  subjected  to  further  parasitism  by 
LydalZii  Sp.  By  laU  spring  the  pooulation  Is  at  a very  low  level  and 
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Figure  52  illustrates  estimates  of  Lydtlla  vadiai*  and  Canrpoletio  sp. 
populations  during  the  study  period.  The  parasite  numbers  are  based 
on  the  number  of  pupae  or  puparia  and  the  pupal  exuvia  found  associated 
with  dead  d.  denea  larvae.  A single  Coptpoleti^  pupa  is  usually  found 
in  association  with  a 4th  instar  larva  although  on  at  least  one  occasion 
two  pupae  were  found  in  association  with  a single  larva.  Lydalla,  on 
the  other  hand  produces  1-5  puparia  per  7th  instar  larva.  The  normal 
range  is  more  on  the  order  of  2-3.  This  accounts  for  the  more  prominent 
peaks  observed  in  the  parasite  populations  for  tj/detZa.  Although 
parasite  populations  of  both  species  appear  to  be  more  intense  in  the  fall 
and  early  winter,  the  effects  of  this  intensity  may  be  tempered  by  the 
relatively  high  asynchronous  host  population  present  at  this  time.  While 
a large  nuirter  of  larvae  are  being  removed  by  parasites  they  are  replaced 
by  younger  larvae.  Initially  the  parasites  cannot  respond  numerically 
fast  enough  to  take  advantage  of  the  newly  recruited  larvae. 

Since  the  parasite  populations  are  dependent  upon  thelevel  of  the 
host  populations  they  remain  at  a fairly  low  level.  As  the  parasite 
populations  gradually  Increase  a subsequent  decline  in  the  larval  popu- 
lation begins  to  take  place.  As  this  continues  the  number  of  parasites 
present  relative  to  the  number  of  host  larvae  present  increases.  As  a 
result  the  parasite  populations  are  able  to  more  fully  exploit  the  avail- 
able host  populations  in  the  spring.  Ultimately  Che  recuitment  of  new 
individuals  is  insufficient  to  maintain  the  host  population  and  a 
dramatic  decline  occurs.  The  low  host  populations  In  the  sutimer  results 
in  a decline  in  the  parasite  populations.  This  permits  the  subsequent 
buildup  of  the  larval  population  in  the  fall.  It  is  not  apparent  whether 
the  source  of  this  fall  population  is  the 


low  population  present  earlier 


or  if  it  is  the  result  of  imeigration  from  other  populations  and 
possibly  from  the  other  host  plant  {Pontedai^)- 

A parasite  of  A.  densa  pupa  has  been  encountered  occasionally 
although  never  from  the  Lake  Alice  population.  It  is  an  ichneutnonid 
(CAaawiaa  eetleitue  Cr. ) and  in  two  years  of  collecting  larvae  and 
pupae  has  only  been  found  twice.  I doubt  that  this  species  has  a 
serious  Impact  on  the  A.  dense  population.  Vogel  and  Oliver  (1969b) 
listed  two  other  species.  lehnjMon  n.  sp.  { Ichneumooidac)  and 
Supteromlus  virideaoena  (Halsh),  as  pupal  parasites  of  this  host  in 
Louisiana.  Table  17  is  a list  of  the  various  parasites  attacking  A. 
denea.  At  least  seven  parasites  have  been  associated  with  A.  dense 
representing  5 different  families  of  insects.  At  least  four  of  these 
occur  in  Florida. 

Discussion 

Arzami  dansa  Halker  (1365)  occurs  naturally  in  Florida  feeding  on 
pickerelweed  {Pontsderia  sp.)  and  has  extended  its  host  range  to  include 
the  introduced  waterhyacinth  [Siahomia  eraasipae  (Mart.)  Solms).  The 
larger  larvae  are  capable  of  causing  severe  damage  to  waterhyacinth  when 
populations  reach  high  levels.  This  has  been  observed  in  the  field  but 
these  outbreaks  are  generally  very  localized  and  of  short  duration. 

Severe  pressure  by  a diverse  parasite  complex  appears  to  restrict  such 
outbreaks  and  maintain  A.  dense  populations  at  low  levels  on  waterhyacinth. 

The  results  of  the  studies  from  Lake  Alice  indicate  that  many  of 
the  larvae  escape  parasitism  in  the  fall  but  since  host  stages  are  con- 
tinuously available  the  parasite  populations  eventually  build  up  and 
suppress  the  A.  denea  population.  This  suggests  the  possibility  Of  the 
manipulation  of  A.  dansa  populations  for  the  control  of  waterhyacinth. 
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First,  since  Che  parasites  are  always  present  but  in  low  numbers 
due  to  the  relative  rarity  of  host  material  perhaps  large  quantities  of 
larvae  may  be  released  to  supplement  the  natural  population,  If  this 
release  Is  made  in  the  late  sunnier  or  early  fall  when  enough  larvae 
are  escaping  parasitism  to  permit  a natural  population  increase  perhaps 
sufficient  numbers  of  larvae  may  survive  to  cause  extensive  damage  to 
the  waCerhyacinth  crop  before  excessive  mortality  occurs.  This  is  based 
on  the  assumption  that  the  parasites  will  be  unable  to  make  a numerical 
response  in  time  to  exploit  the  host  population. 

Second,  if  the  parasites  are  "progranned”  to  the  asynchronous 
overlapping  generations  of  the  host  possibly  the  host  population  can  be 
forced  into  synchrony.  The  age-specific  parasite  population  is  permitted 
to  increase  as  Che  host  population  increases  because  of  the  continuous 
availability  of  the  proper  stage  host.  If  inundatIve  releases  are  made 
of  larvae  similar  in  age  the  probability  of  successful  oviposition  by 
the  parasite  would  only  increase  during  the  time  period  that  the  host 
population  is  at  a suitable  age.  Because  Che  parasites  issuing  from 
previously  parasitized  hosts  would  be  representative  of  the  natural 
population  the  levels  would  be  too  low  to  exploit  the  introduced  popu- 
lation. Further,  those  parasites  issuing  from  the  introduced  population 
would  not  be  able  to  further  parasitize  Che  introduced  population  unless 
its  life  cycle  is  of  equal  duration  to  that  of  the  host.  Assuming  this 
is  not  the  case,  the  majority  of  the  parasite  population  would  not 
ininediately  be  able  to  locate  suitable  host  material  and  the  progeny 


e released  population  would  suffer  low  mortality. 

This  strategy  is  similar  to  the  strategy  of  predator  satiation 
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described  by  Lioyd  and  Dybas  (1986)  for  the  periodical  cicada  and  by  Janzen 
(1969)  for  seeds.  In  both  cases  it  was  suggested  that  this  strategy  employs 
a sudden  increase  in  Che  population  of  susceptible  individuals  allowing 
them  to  escape  before  their  resceptive  predators  could  respond  numerically. 
The  synchronization  of  age  involving  the  escape  of  insects  from  parasites 
may  be  cohsidered  part  of  this  strategy.  This,  in  effect,  minimizes  the 
time  period  available  for  successful  oviposition  by  the  age-specific 
parasite  and  again  requires  a rapid  numerical  response.  Since  the  interval 
between  instars  suitable  for  a particular  parasite  would  be  masimized 
the  probability  of  continual  parasitism  would  be  minimized. 

Large  scale  testing  of  this  theory  of  augmentation  of  the  Araana 
denta  population  is  precluded  by  the  inability  to  mass  rear  suitable 
numbers  of  larvae  for  release.  Further,  a great  deal  of  basic  research 
on  the  biology  and  population  dynamics  of  both  arocma  deneu  and  its  para- 
sites should  be  completed.  The  potential  for  control  of  waterhyacinth  by 
this  insect  species  exists  and  warrants  further  study.  It  may  be  used  in 
other  countries  simply  by  Importing  it  free  of  parasites  and  predators 
or  in  this  country  through  more  complex  means  similar  to  those  suggested 
above.  A thorough  understanding  of  the  host  specificity  of  this  insect, 
its  taxonomic  status,  and  its  populations  onFVwitedarsaShould  tahe  high 
priority  in  future  studies. 


Review  of  Results  and  Sug9est1ons  for  Further  Studies 

The  productivity  study  discussed  in  the  second  section  of  this  dlsser- 
Utlon  showed  that  the  net  solar  efficiency  of  waterhyacinth  was  similar 
in  both  snail  and  large  plants  (I.6S).  Because  of  a high  P:R  ratio  the 
small  plants  grow  faster  (in  terns  of  weight  gain  relative  to  standing 
crop)  than  the  large  plants. 

Three  phases  are  apparent  in  the  annual  growth  of  waterhyacinth  on 
Lake  Alice.  A spring  growth  period  is  characteriaed  by  an  initial  increase 
in  plant  and  leaf  density  followed  by  an  increase  in  plant  height  accomp- 
anied by  a decline  in  plant  density.  This  may  be  explained  in  part  by 
energy  allocation  under  differing  conditions  of  density.  Early  in  the 
season  when  the  canopy  Is  open  and  the  plants  are  small,  more  energy  is 
allocated  towards  producing  offsets  than  towards  increasing  Individual 
plant  siae.  As  space  becomes  more  limiting  more  energy  Is  put  into 
increasing  the  size  of  the  individual  plant,  making  it  more  able  to  com- 
pete for  available  light,  and  less  into  offset  production.  In  a dense 
stand  the  small  offsets  would  probably  have  a small  chance  of  surviving 
in  the  low  light  conditions  under  the  canopy.  It  would  be  maladaptive, 
then,  to  produce  them  in  this  situation.  As  the  plants  Increase  further 
in  height  Che  small  plants  die  which  accounts  For  the  sharp  drop  in 
absolute  density. 

A late  sunner  and  fall  phase  is  defined  by  plant  senescence  and  a 
gradual  decline  in  plant  size.  This  is  accompanied  by  an  equally  gradual 
increase  in  plant  density.  An  increase  in  damage  by  Araam  im»a  Mik. 
also  occurred  at  this  time  but,  because  of  multiple  effects,  the  degree 
to  which  A.  densa  contributed  to  this  decline  is  not  ascertainable. 


HuUivarlate  analyses  failed  to  implicate  A,  dmea  as  a factor  In 
accounting  for  seasonal  variability  In  the  plant  characteristics.  Climate 
was  considered  the  most  Important  factor  regulating  variables  estimating 
standing  crop.  Hater  quality  seemed  to  be  more  important  In  the  variables 
associated  with  density.  Because  changes  in  water  quality  (nutrient  loads) 
are  as  likely  to  be  a result  of  changes  In  the  plants  as  well  as  a cause 
of  those  changes  I am  not  satisfied  that  these  models  (plant  and  leaf 
density)  reflect  dependent  relationships  even  though  statistically  "good" 
fits  were  obtained. 

Intraspeclflc  competition  for  light  and  space  seems  to  be  strongly 
implicated  in  changes  in  plant  density.  A significant  negative  correlation 
exists  between  plant  density  and  plant  height.  Also,  as  the  plant  height 
distribution  becomes  more  strongly  shewed  towards  large  plants  the  number 
of  height  classes  Important  In  the  total  distribution  drops  sharply. 
Further,  there  appears  to  be  an  almost  total  loss  of  small  plants  during 
the  summer  when  plant  height  Is  maximum. 

A third  phase  is  the  winter  "no  growth"  or  dormancy  phase.  During 
the  2-3  mo,  period  little  change  occurred  in  most  of  the  characteristics 
observed. 

Greenhouse  experiments  In  which  the  levels  of  Infestation  by  A.  dsnso 
were  controlled  more  effectively  brought  out  the  relationship  between  the 
various  plant  characteristics  and  feeding  by  this  insect.  Repetitions  of 
the  experiment  in  the  sumiter  and  the  fall  produced  quite  different  results, 
(n  genera],  the  plants  were  much  more  sensitive  to  attack  by  insects  in 
the  fall,  and  less  so  In  the  summer,  Height  declined  in  both  experiments 
but  the  slope  of  the  decline  was  greater  in  the  fall.  The  changes  in  the 
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numter  of  leaves  per  plant  were  renarkaply  similar  in  both 
Leaf  density  declined  in  the  fall  but  remained  constant  in  the  sunnier. 

Plant  density  increased  with  Increasing  insect  concentration  in  the 
suimer  but  decreased  in  the  fall,  Standing  crop  was  only  estimated  in 
the  Sumer  but  it  appeared  to  be  affected  only  at  the  highest  level  of 
infestation  at  that  time  whereas  in  the  fa11  in  inverse  linear  relationship 
at  all  levels  was  observed. 

Net  commjnity  productivity  did  not  show  a dramatic  decline  in  the 
fall  eKperiraent  but  turnover  rates  accelerated  in  direct  proportion  to 
Insect  concentrations.  As  a result*  the  standing  crop  declined  even 
though  productivity  was  little  affected.  This  was  not  evaluated  in  the 

Also  in  the  fall  experiment  a slight  tendency  for  the  proportion 
of  the  plant  represented  as  leaves  to  increase  under  insect  attack  was 
observed  as  well  as  a tendency  for  the  proportion  represented  as  rhi- 
zome to  decrease.  This  resulted  in  an  overall  tendency  for  the  root  ♦ 
rhizoneishoot  ratio  to  decrease. 

Some  interesting  conclusions  and  inferences  can  be  drawn  from  the 
field  and  laboratory  studies  combined.  These  are  enumerated  as  follows: 

1,  Insects  are  apt  to  cause  a decrease  in  plant  size. 

2.  Plant  density  is  apt  to  decrease  with  increasing  plant  size  as 
a result  of  intraspecific  conpetition  for  light  and  space. 

3,  Insects  may,  therefore,  indirectly  cause  an  increase  in  plant 
density  by  reducing  intraspecific  competition. 

4.  While  both  small  and  large  plants  are  egually  efficient*  small 
plants  are  apt  to  grow  relatively  faster  by  virtue  of  a larger 
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5.  Insects,  therefore,  by  reducing  the  canopy  and  stimulating 
offset  production  may  indirectly  stimulate  production. 

6.  This  increased  production  may  partly  contiensate  for  crop 
reduction  by  herbivory. 

7.  Insects  reduce  standing  crop  by  accelerating  turnover, 

B.  Large  amounts  of  nutrients  are  tied  up  as  organic  matter  in 

9.  Insect  feeding  may.  therefore,  result  in  a taster  return  of 

these  nutrients  to  the  ivater  which  may  also  stimulate  production. 

10.  Higher  levels  of  insect  infestation  are  likely  to  be  needed  in 
the  sufltier  (probably  the  spring  also)  when  solar  radiation  is 
high  or  waxing  than  in  the  fall  and  winter  (when  solar  energy  is 
low  or  waning)  to  achieve  the  same  level  of  control. 

11.  A reduction  in  the  site  of  the  rhiaone  in  proportion  to  the  plant 
by  insect  feeding  is  likely  to  hinder  the  ability  of  the  plant  to 
survive  the  winter  since  spring  regeneration  occurs  from  the  rhizome. 

During  the  period  of  these  studies,  natural  populations  of  A.  dmaa 
were  consistently  low.  Heavy  infestation  by  a complex  of  parasites  appeared 
to  be  the  factor  regulating  population  build-ups.  This  was  very  difficult 
to  analyze,  however,  because  of  the  extreme  degree  of  overlap  in  generations, 
differential  susceptibility  of  various  Instars  to  sampling,  and  low  popu- 
lation levels  from  which  to  derive  data, 

A small  scale  field  release  of  A.  dema  proved  very  effective  in 
controlling  a small  stand  of  waterhyacinlh.  Parasites  failed  to  reduce  the 
larval  population  and  severe  damage  to  the  plants  resulted.  The  degree  of 
mortality  as  a result  of  these  parasites  was  notably  less  than  that  of  a 


312 


nearby  natural  population.  This  suggests  that  in  some  situations  local 
populations  can  escape  parasltlsir.  The  mechanism  for  this  is  not  clear 
but  it  may  have  been  due  to  synchroniiallon  of  the  age  distribution  in 
the  released  populations. 

About  one  half  way  through  this  research  It  became  apparent  that 
A.  denaa  was  almost  always  more  abundant  on  pickerelweed  (Pontadiirda 
aetdata  L.)  than  on  waterhyacinth.  These  observations  were  casual, 
however,  and  no  data  has  been  obtained  from  these  populations.  Some  im- 
portant questions  that  should  be  answered  could  be  derived  from  con- 
current studies  of  populations  on  both  of  these  host  plants.  It  would  be 
interesting  to  detennine  if  the  two  populations  are  in  phase  or  out  of 
phase.  Is  the  population  on  waterhyacinth  the  result  of  dispersing  in- 
dividuals fi-oiii  pickerelweed  after  the  population  from  the  latter  host 
builds  up  to  a high  levell  Does  waterhyacinth  represent  a secondary  host 
allowing  the  population  to  continue  while  pickerelweed  Is  scarce?  Do 
A.  denao  populations  control  P.  oovdata  to  any  ektent?  Is  there  any  dif- 
ference in  rates  of  parasitism  of  A.  dama  on  its  two  host  plants?  To 
what  extend  do  populations  from  both  hosts  interact?  Are  these  two  popu- 
lations temporally  separated?  These  and  many  other  questions  would  greatly 
enhance  our  understanding  of  the  observations  on  the  A.  danaa  populations 
reported  here. 

Life  table  studies  of  Aeami  danaa  would  be  helpful  in  evaluating 
methods  of  population  augmentation.  Such  studies  of  natural  populations 
would  be  difficult  If  not  impossible,  however,  because  of  the  problems 
associated  with  obtaining  adequate  samples  discussed  above.  A possible 
approach  to  this  might  be  mass  releases  with  subsequent  life  Cable  studies 


of  the  released  population. 
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A prerequisite  to  any  further  research  on  A.  dansa,  however,  should 
be  a detailed  oio-systenatic  study  of  the  species  group  to  which  this 
insect  belongs.  Neither  host  plant  data  nor  life  history  data  can  be 
accepted  until  the  systematic  relationships  are  established-  Various 
countries  have  expressed  an  interest  in  A.  dsnao  for  control  of  water- 
hyacinth.  As  long  as  economic  crops  are  implicated  within  the  host  range 
of  this  species  its  use  In  foreign  countries  should  he  discouraged.  Host 
specificity  studies  with  larvae  from  differing  natural  host  plants  should 
be  carried  out  to  either  verify  or  disprove  the  existing  host  records. 


S;./S.J1,S'SM-‘SS.!““''''"“' " 
“ZSK;,!;  St  .K.  r “'  •"“' 


*■ " “■ " " " 


"Xg:  ss;,r 

Bancroft,  K.  1913.  The  HSter-f^acinth.  Agr.  Bull.  f.  M.  S.  1:  218. 

:nrss.r  ” 

:g.''g-S-Si«;S.  !"5"  S!,“ 

LS— S:  ,''=r'E.:;s.r-ss,na:s.. 


■'■"■S;  5Si“S.SSS”' " 


stisisns-sr”"' 

“1!: 


,:";.ss!  • 


■"SSJiilTi.  '“•■  '■ 


s'lSrr-'ss^tigcS;  a; 


“•  Ai,  ssi.  -sew;  s-r.r  “•“  •““•■ 


Js“E.r!s."as,';s-sr’ 

■'•“ti!:  afSi.  “™  “■  •"'  ■■  “■ 


Entoml. 


•™iS.i;;;..ss:E-iai;=;ra'.j\r;Ea’t.r 


;si.  sarr.-;  rs.rt''»;:,'"‘"- 


“•“!;;='.:;„iri.  s r;:ss'  “ 

'“giys,:;  ^ ,3sr 


‘i-S  E;:i.rsr»S'.r* 


“ 

s;r;.Ks:‘  “"■ 


S-S!” 


Curttss.  A.  H.  1900.  Tf 


.•U&SSr.K£.'“‘ 


"■sufc  t 

Ou  Tfl1t.  R.  1938.  Water  hyscinth.  Fanning  In  5.  Atr.  13(132) ; 16-17. 

'""‘ilfctEi  ™’'  "•  ""P  "f  W*=l"»'  Nmsil.  HIMBl: 

("s’ss,;: s‘s: 
E,:=‘E.r  riff  •' 


£i:sr;,i:s ;;  s?“.“  r;s-,rr.3i.. 

lI**:.,.:;;.— 'ur  " 

“■;ri,;.."as,:  i !S:-.,3..  srisss^n’*..., 

1,5;:.*-*"  ' “■  ’■ 

“ Vh;.  .S';  is';f  ::!SrSS."r:;ss;  ;;rs...„„. 


"*""^;n«nIr«ic's“in''94:;Ei“Sf  -i^erhyacll^h!  %Tciu^ 

Harper,^R.^H.  1903.  The  «ter-hy,cintt.  Ir  fieor^la.  Plant  Werld  6; 


“■"LJg'./gM"'  “''■  "■■“■  ■■•'  '“'“■ 


BS!  :s“  ■■"  ■“••  “ 

K .T'aSBS"  ™-  *■'■ 


is™;:  sisrs.::  :rK‘.s.;^  "ssr " 


‘’■"■■,;-i;.:r.:;i:;s:  Kii-Jss-i.-sii-K" 
.IS:  ■"' 


”":;^i,s.',.ji.s...;!i;-  S‘S  ;:.s“TS:;^;"”  ;ts 

"“’S'h.M;  •■■■““  “ 


"”"s:'i,'!.  !:r»:  “““■  “ 


"i§:ipir=i“is 




“"i.";.i.;i;;;..':c2LSi;,';:.":.s  ;ss."  '"■* 

"■W:  SriSKnS"  ” 


""'K.W’ELS.Ki^.r-"'" 


«,"  £.sr:iT.r’' 


'•“Sy:  L.S: 


'•“•!;  *c„.s'».s;rs%::  sf."'K.s?3s.«rKi‘;;,“ 


1:  30. 


Riley.  C.  V,  1885.  Notes : June  4,  1885.  Proc.  Entorol,  Soc.  Hash. 

:i.Si  Si::;.l"S.E;  Si.gl'ISi.'E;, 

""  “■ 


329 


SAS.  1972.  A user's  guide  to  tne  statistical  analysis  system.  North 
Carolina  State  University,  Balelgh.  260  pp. 

Schwartz.  0.  1928.  Die  Pontederiaceen.  Pfianzenreale  2:  13-14. 

Sculthorpe,  C.  D.  1967.  The  biology  of  aquatic  vascular  plants.  Edward 
Arnold  (Pub1.)  Ltd.,  London.  61D  pp. 

Seabrook,  E.  L.  1962.  The  correlation  of  mosquito  breeding  to  hyacinth 
plants.  Hyacinth  Control  J.  1:  18-19. 

Seitz,  A.  1923.  The  Hacrolepidoptera  of  the  world.  Alfred  Kemen  Publ.. 
Stuttgart. 

Sen,  N.  N.  1961.  A note  on  the  eradication  of  water  hyacinth  In  the  Ghana 
bird  sanctuary,  Bharatpur  Rajasthan.  Indian  Forest.  87(3);  168-169. 

Sheffield,  C.  H.  1967.  Water  hyacinth  for  nutrient  removal.  Hyacinth 
Control  J.  6:  37-30. 

Sheikh,  N.  H.,  S.  A.  Ahmed,  and  S,  Hedayetullah.  1964,  The  effect  of  the 
root  extract  of  water  hyacinth  [Sit^hhomia  apeoiosa  Kuhth),  on  Che 
growth  of  microorganisms  and  mash  kalal  iPhiaaolua  mungo  var.  Bcabueghii) , 
and  on  alcoholic  fermentation,  Pakistan  J.  Scl.  Ind.  Res.  7:  96-102. 

Shelford,  V.  E.  1913.  Animal  coimuinltles  In  temperate  America. 

University  of  Chicago  Press,  Chicago. 

Cynin  Isolated  from  the  flower  of  the  water  hyacinth.  Bot.  Hag.  Tokyo 
78:  299-305. 


S11ve1ra-Gu1do,  A.,  H.  S,  Hontero,  and  J.  C.  Bruhn.  1965,  U.S.O.A.  final 
project  report  S9-CR-I,  Natural  enemies  of  weed  plants,  Hontevideo, 
Uraguay. 

Silvelra-Guldo,  A.,  and  B.  0.  Perkins.  1975.  Biology  and  host  specificity 
of  Camope  aguutiem,  a potential  biological  control  agent  for  water- 
hyacinth.  Envir.  Entolmol.  4(3);  400-404. 


Sinha,  A.  S..  and  R.  Sahal.  1974.  Contribution  to  the  ecology  of  Indian 
aquatics.  IV.  Rate  of  dry  matter  production  of  the  leaves  of  several 
coniicn  aquatic  plants  of  Gorakhpur  (India),  Photosynthetica  8(2);  127-129. 


Sircar,  P.  K.,  S.  Sanerjee,  and  S.  H.  Sircar.  1973.  Glbberell 
activity  In  the  shoot  extract  of  water-hyacinth,  (giohfcorr 
SoIrs).  Indian  J.  Agr.  Scl.  43(1);  1-8. 


Sii 


-,  S.  M.,  and  R.  Chakravarty.  1961.  The  effect  of  growth-regulating 
iubstances  of  the  root  extract  of  water  hyacinth  {Eiahhamia  aptmosa 
iunth)  on  Jute  {Copohona  oapeulai-ia  Linn).  Current  Scl.  30(l1;  428-430. 


jrss'iss!" 

jr'*  ■«' 

'•■  -"EESJivsiaE'i.  r.nS-jircnsj.-E-r" 
'"•g;::  j.„S:  S2.gs;u::iS"p;s.!’E!g-s  iss;;;r 


Tsylor.  K,  G.,  and  R.  C.  Robbins. 


;ii:.rR;cSh"'  s;.sss..s'i,  sirs."' 

™*of  watL'by  water  byadnth.  Hyacinth  Control  J.  6-  34-: 


SSI!,;';!"*"’" " '"■ 

WallwoT^,  leaf-toHng  aalumnoid  mite  (AcdH;  Cryptostigmata) 

“■Si,;:  '■ 


: S; 


333 


BIOSRAPHICAL  SKETCH 

Ted  DougUs  Center  was  born  15  August  1947  in  Dayton,  Montgomery 
Co..  Oiiio.  He  attended  Belmont  Elementary  School  and  Belmont  High  School 
where  he  graduated  In  I9B5,  Following  high  school  he  attended  Ohio 
University  in  Athens.  Ohio  for  one  year,  after  which  he  transferred  to 
Foothill  College  in  Los  AUos  Hills,  California.  After  a year  in 
California  he  transferred  to  Northern  Arizona  University  in  1967  from  will 
he  received  his  Bachelor  of  Science  degree  In  Zoology  in  1970  and  his 
Master  of  Science  degree  In  Biology  in  1972.  He  transferred  his  studies 
Co  the  University  of  Florida  In  September  1971  where  he  is  currently 
completing  the  requirements  for  a Ph.D  in  Entomology  working  on  the 
biological  control  of  aquatic  weeds. 

Ted  Center’s  work  experience  began  at  the  age  of  14  when  he  became 
employed  at  the  Dayton  Museum  of  Natural  History.  He  remained  on  the 
staff  working  part-time  during  high  school  and  full-time  during  the 
suimiers  from  1961  through  1969.  His  duties  included  regular  television 
appearances  on  a local  children’s  show,  instructing  museum  nature  classes, 
presenting  lectures  to  various  civic  groups,  care  of  the  museum’s  live 
animal  collection,  curating  and  preparing  specimens  for  the  museum’s 
collections,  and  participation  in  various  research  projects.  Hhile  in 
California  he  perforned  similar  duties  at  the  Palo  Alto  Children's 

While  in  Arizona  he  was  employed  part-time  in  the  Biology  Department 
of  N.A.U.  curating  the  insect  collection  and  preparing  bird  and  maimal 
specimens.  He  also  worked  part-time  for  the  Geology  Department  of  the 
zona.  In  the  sunnier  of  1971  he  was  employed  by 


of  Northern  Ari; 


Hr.  A.  A.  Kirk  of  tne  Australian  division  of  C.S.I.A.O.  to  help  collect, 
culture,  and  ship  wood  wasp  parasites  frcvn  Arizona  for  their  biological 
control  program.  His  Master's  Degree  dealt  with  the  biology  and  coevo- 
lution of  seed  beetles  and  their  host  plants. 

He  Is  a member  of  the  Ecological  Society  of  America  and  the  Entomological 
Society  of  America. 

He  is  married  to  the  former  Deborah  Jean  Learned. 


I certify  that  I have  read  this  study  and  that  in  ay  opinion  1t 
confoms  to  acceptable  standards  of  scholarly  presentation  and  is  fu11y 
adequate,  in  scope  and  quality,  as  a dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


Dal  e H . Habeck . Oia  1 man 
Professor  of  Entomology 

I certify  that  I have  read  this  study  and  that  in  ny  opinion  it 
confoms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate,  in  scope  and  quality,  as  a dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


Professor  of  Entomology 


1 certify  that  1 have  read  this  study  and  that  In  ny  opinion  It 
conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate,  in  scope  and  quality,  as  a dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


'.Cxu — 


[ certify  that  ! have  read  this  study  and  that  in  iqy  opinion  it 
confomis  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate.  In  scope  and  quality,  as  a dissertation  for  the  degree  of 
Doctor  of  Philosophy. 

'U']aA^ 

Ihooas  J.  Walker 
Professor  of  En^^mology 

I certify  that  1 have  read  this  study  and  that  in  my  opinion  it 
confomis  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate,  in  scope  and  quality,  as  a dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


Associate  Professor  . 


This  dissertation  was  submitted  to  the  Graduate  Faculty  of  the  College 
of  Agriculture  and  to  the  Graduate  Council,  and  was  accepted  as  partial 
fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 


June  1976 

'>  't  f 

Oeag', /College  of  Agr^ijlture 

Uean,  Graduate  School 

